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God made the fish ..
it’s still safe to eat,
protests local flshennan

“God made the fish... it's
stitl safc 10 cat.” That's the
explanation given by an el-
derly subsistence fisherman
when asked why he was still
fishing in Pago Pago Harbor,
Tle said that he knew about the
government advisory telling
people not to cat fish caught in
the inner harbor, but he did not
take notice of i because he had
been fishing most of his life in
the arca and hone of his family
ever got sick from cating his
cach,

At the Star Kist dock on a
wel Wednesday moming, six
fishermen In two aluminum
skifTs are recling in tielr lines,
Onc stiows off his prized calch
for the momirnig, a three pound

“jack” (tafala). Perchicd on the

deck of purse seiners and Ori-
cntal longliners alongside the
cannery dock, about eight
other young fishcrmen are
walting to feel a pull at the ond
of thelr lines.

“Have yolt read he notice
thai fish caught in the harbor is
not safe for ¢ating™" 1 ask the
oldest of the fishermen, a
stocky bullt man, about 50
years old, He's cutting up
what looked like an aku and
throwlng the plcces into the
dark green, colored water,
“Yes, I'vé read the notices,”
replics the fisherman,”

“Then why are you stiil
fishing heére?™ 1 asked in re-
sponse. He stated that rio-one
in his family has been sick

from eating the fish. In the
sccond boat, the fishcrman
who landed the two sllver
Jacks calls out that they don'L
sell their catch, that they only
feed their familics with the fish
they haul in (this is what is
known as “subsistence™. A
bunch of misiluki bananas and
3 cooler sit between the two
fishermen in this second skiff,

After some urging. one of
the younger fishermen on
board replies that he's read the

health advisory telling people .

that fish caught in the inner
harbor is not safe to eat, but
he's not taking any notice of it.

peded in spitc of the recent
wamings not to eat fish in the
harbor... a practice which,
from all indications, will take
many ycars and a major public
education cffort, to stop.

(It is not iilegal 1o fish in
the inner harbor, nor to eat the
fish caught there. As ex-
plained below. the government
has informcd commercial
establishments, such as bush
stores, that it is a violation of
Yaw to sell fish from the Inner
harbor.)

Row do you tell somcone
who has depended on the sea
for food that they can no

He assures that he doesn’t sellx logger fish in & certain ysual

his catch and that nonhe of his
children have fallen ill from
cating the fish he puts on the
table.

I try to explain that tests
have shown that fish caught in
the area between the Rain-
maker Holel and Leloaloa
contain poisonous (ioxic)
substances which can make
them sick, maybe not now but
in the future. 1 ask them why
they don’t try fishing some-
where eclse and T just get a
blank look. “If you love your
kids, don’t feed them that
fish,” I call out. Before our

alia takes off, one of the fish-
ermen assures that they'll
think carefully about the health
waming.

What we had stumbled on
was an everyday happening
which has continved unim-

area because the water is so
full of poisons that the fish
have also turned bad?

The fish still look okay.
they’re not dead so they must
be safe to eat, traditional fish-
ermcn reason. How are they

to know about the delayed ef-
fects of the Invisible ledd, oil,
PCB and othcr toxins in the
waters they've fished In for
years?

we saw that moming were
probably part of & growing
flcet of small scalé commercial
fishermen. Before the fish
advisory was issued, the fleet
was selling their catches to
bush stores and restaurants
around the island, with the
bulk going to Bay Area estab-
lishments. Since the waming

(Continuéd on page 9)

The fishermen in the skiffs
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from page one

came out, they’ve had a hard
time selling their catch. The
Enforcement Unil of the De-
partment of Marine and
Wildlife . Resources has
wamed vendors that they face
stiff fincs if lhcy knowingly
sell fish caught in the inner
harbor.

A DMWR spokcsman said

that all vendors known (o have -

bought fish from the inner
harbor fleet are no longer do-
ing so. He said that enforce-
ment officers are periodically
patrolling bush stores and
restaurants known to sell har-
bor fish and so far thgy've re-
ccived very good co-opera-
tion. What's worrying
DMWR and Public Hcalth
officials however is that the
fishermen are peddling thelr
susceptible catches elsewhere,
They've advised the public 1o
be cautious of buying locally
caught fish and always ask the
sellers where thelr fish was
Governmeiit
charged with the responsibility
of informing the public about
the conscquences of eating in-
ner harbor arca fish have
started to get the word out,
about the possible heaith Hax-
ard from {nnet harbor fish al-
most three months after the
U.S. Environmental
Protection Agcncy suggested
to ASG that it issue a health
advisory ahout the potentiat
- {Scientists have not yet
collected enobgh data to prove
beyond doubt that fish caught
from the mncrwarbor are sp
filled with toxhp that they will
make pcople sick. But
preliminary scientific analysis
indicates that *70-80 of the
children consuming contam-
inated [inner harbor] fish could
have a blood lead concen-
tration... where 1Q levels can
be pennanenﬂy and adversely
aifected.) |
The Governor's Office has
issued two press releases and &
waming noticé s being pub-
lished twice & week in the local
newspapers, Leaﬂels are also
being distributed {0 Bay Area
fishermen and residents. Ac-

agencies .

F .31

‘808
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. cording to goveiiinient offl:

clals, the dwarches$$ campaign
will include television and ra-
dio and village visitations
{e.g.i with village courils and
pulenu’u), but these elements
of the campmgn have nol yet
begun.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
CH—— REGION IX

75 Hawthorne Street
San Francisco, Ca. 94105
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June 7, 1991

MEMORANDUM

SUBJECT: Review of Pago Pago Harbor Toxicity Study

FROM: Norman L. Lovelace, Chief (E-4)/z2&L’/
Office of Pacific Island and Native American Programs
— . R
TO: Stephanie Wilson, Acting chig&f (W-7-1)

Oceans and Estauries Sectioh

This is to request your office’s assistance in reviewing the
attached draft report on the Pago Pago Toxicity Study for the
American Samoa Environmental Protection Agency. The first phase
of the report was originally reviewed by Dr. Brian Melzian last
summer, and his timely and detailed comments were greatly ap-
preciated and incorporated into the second round of analyses con-
ducted. We understand from Dr. Melzian that because of pressing
projects he will not be able to review the study in-depth until
early July. However, should other staff from your section review
this study, he said he would be able to discuss with them any
specific points of concern they might have during his trip to the
Region the third week in June. (There is no pressing urgency for
this review although a response by August would be appreciated by
ASEPA.)

I have also forwarded a copy of this report to Arnold Den
who will look at the study from a risk assessment viewpoint.

We greatly appreciate your assistance in this matter.
Should you have any questions, please call me at 4-1599 or Pat
Young at 4-1591.

Attachments (2 copies)

cc: Brian Melzian (w/o attachment)
Pati Faiai, ASEPA

Printed on Recycled Paper
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S0 Sy UI'I vidD STATES ENVIRONMENTAL PROTECTION AGENCY

I ¢ B , REGION IX

{ % 75 Hawthorne Street
San Francisco, CA 94105

%‘meﬂf ’

December 10, 1993

Steven L. Costa

Project Manager

CH2M Hill

P.O. Box 12681

Oakland, CaA 94604-2681

Re: Comments to Draft Study Plans for Joint Cannery Ocean Disposal
Bioassay Toxicity Tests and Modeling Re-evaluation

Dear Steve:

We have reviewed the draft study plans for the biotoxicity
tests and modeling re-evaluation. Attached are comments on the
bioassay toxicity tests which should be addressed before the plan
will be approved. Questions regarding these comments should be
addressed to Amy Wagner at (510) 412-2329. A final study plan
should be submitted for approval upon resolution of these comments.

Due to the delay in submittal of the draft study plan, we are
allowing the first sampling episode to occur in January 1994,
rather than in November 1993, as indicated in the ocean disposal
permits. Thus we approve your request that each of the subsequent
three sampling episodes be delayed by the same amount to maintain
the desired spacing. However, the completion date for the overall
study will not be changed.

The modeling re-evaluation study plan is approved as submit-
ted. However, as we previously discussed, the additional, more
sophisticated model referenced in the plan has not been selected

yet and will be submitted for EPA’s review prior to its utiliza-
tion.

Please call Pat Young at 415/744-1594 if you have any ques-
tions. :

Sipgerely

ofman L. Lovelace, Chief
Office of Pacific Island and Native
American Programs (E-4)

cc: Jim Cox, Van Camp Seafood Company
Norman Wei, StarKist Seafood Company
Tony Tausaga, American Samoa EPA
Sheila Wiegman, American Samoa EPA

Attachment



bc:

Robyn Stuber/Debra Denton,
Dave Stuart, W-7-1

Mike Lee, E-4

Amy Wagner, P-3-1

Allan Ota, W-7-1
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s“m ) 75 Hawthorne Street
N @§ San Francisco, CA 94105
i DEC 0 9 1993

SUBJECT: Review of Draft Bioassay and Modeling Re-evaluation Plans
for Tuna Cannery Ocean Disposal Permits

TO: Pat Young
American Samoa Program Manager

FROM: agn
Laboratory Section

Debra Denton, Permits Issuance Section, and I have reviewed Part I
(Bioassay Toxicity Tests) in the above entitled document. We do
not recommend approval of the plan until the following issues are
addressed or considered. Any questions concerning these comments
can be adressed to me at (510) 412-2329.

1l.Introduction, I-1: Considering the nature of the waste
discharge, we agree that the fish processing wastes should be
considered as whole effluent and not tested in the suspended
particulate phase.

2.Sample Shipping and Handling, page I-2: Understanding the
logistical difficulties in shipping samples from the South Pacific,
it should be recognized that a 10 day hold time could result in an
increase or decrease of toxicity. It is likely that the BOD will
increase over time as reflected by IDOD values determined in the
last toxicity tests on cannery effluent. Every effort to minimize
the hold time should be made.

3.Selected Species, page I-2: Holmesimysis costata may not be an
appropriate surrogate crustacean due to the low test temperature
required and the crustacean’s sensitivity to aeration. The use of
the 96-hour static renewal acute test with Mysidopsis bahia is
recommended as a more representative tropical species relevant to
the study area.

4.Sample Preparation, page I-4: Artificial sea salts for brine
manipulations of effluents can often cause toxicity. Use of
natural seawater brine effluents (obtained from freezing or
evaporating natural seawater) is recommended.

5.Experimental Conditions, I-4: The dilution series proposed seems
more appropriate than the permit requirements based on toxicity
seen at low concentrations of the cannery effluent. This dilution
series may have to be modified after the first round of testing.

6.Experimental Conditions, I-5: The test temperatures proposed for
the crustacean and sea urchin bioassays are higher than standard
method requirements. Tests with M. bahia and P. vannamei are run
at 20C, while tests using S. purpuratus are normally run at 12-15C.




7 .Experimental Conditions, I-5: Methods for fish, mysid, and sea
urchin toxicity tests should be cited (manual or reference) in this
section since all test conditions (ie. static renewals, number test
organisms) are not listed.

8.Quality Control and Quality Assurance, I-5: Sodium chloride is
not a standard reference toxicant used in marine fish and mysid
tests. In addition, this salt may cause an osmoregulatory rather
than a toxicity response in the test organism causing variable
sensitivity and dose-responses. Sodium dodecyl chloride, copper
sulfate, or zinc sulfate are recommended reference toxicants for
these test organisms.

cc: Terry Oda, Chief
Permits Issuance Section (W-5-1)
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Patricia N.N. Young

American Samoa Program Manager

Office of Pacific Islands and Native American Programs
U.S. Environmental Protection Agency

75 Hawthorne Street (E-4)

San Francisco, California 94105

Dear Pat:

Subject: Draft Study Plan for Special Condition 3.3.5 Ocean Dumping Studies for
StarKist and Samoa Packing, American Samoa

Enclosed is a draft study plan for the bioassay and modeling re-evaluation studies
required under the ocean dumping permits for the two canneries. We have suggested
an alternative species for the Group 1 bioassays for reasons presented on page 1-3 of
the draft study plan. Because of the delayed submittal of the study plans it may be
necessary to delay the first sampling if the study plan cannot be reviewed quickly or
substantial changes are required. I do not see this as a problem and suggest delaying
each of the three sampling episodes by the same amount to maintain the desired
spacing. This will not delay the completion of the overall project. We can delay the
sampling by up to two months or more and still finish the study well ahead of schedule.

Please call me if you have any questions. Comments should be addressed directly to

me and copied to Norman Wei and Jim Cox. I have sent Sheila Wiegman at ASEPA
the same information.

Sincerely,

CH2M HILL _
e 7
/% /&r//é“//%

Steven L. Costa
Project Manager

cc: Norman Wei/StarKist Seafood Company
James Cox/Van Camp Seafood Company

CH2M HILL 1111 Broadway, P.O. Box 12681, Oakland, CA 94604-2681 510 251-2426 Fax 510 893-8205
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STUDY PLAN
FOR
JOINT CANNERY OCEAN DUMPING STUDIES
IN

AMERICAN SAMOA

Special ocean dumping permits have been issued to StarKist Samoa, Inc. and VCS
Samoa Packing, Inc. because the Regional Administrator of EPA Region IX has
determined that disposal of fish processing wastes off American Samoa meets EPA’s
ocean dumping criteria at 40 CFR Parts 227 and 228. Special condition 3.3.5 of both
permits requires bioassay testing of the waste from each cannery and a re-evaluation of
the model previously used to predict concentrations of fish processing wastes disposed

- of at the designated site. A copy of this special condition is provided in Appendix 1 of
the study plan. '

The special permit condition addresses two distinct efforts: bioassay testing and model
re-evaluation. Although the results of the bioassay testing will be used in the final steps
of the model re-evaluation, the two parts of the study are quite different and are best
described independently. Therefore, this study plan is presented in two parts:

. Part I: Plan of Study for Bioassay Toxicity Tests
. Part II: Plan of Study for Modeling Re-evaluation
The two portions of the study will be conducted independently except as noted above.

References are provided separately for part of the study plan. Additional information
is provided in Appendices.
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Part I
PLAN OF STUDY FOR BIOASSAY TOXICITY TESTS

INTRODUCTION

Under special conditions 3.3.5 of the Ocean Disposal Dumping Permits, StarKist Samoa
and VCS Samoa Packing are required to conduct and submit the results of toxicity tests
on fish processing wastes generated at the permittees’ American Samoa packing plants.
The toxicity tests are to be initiated within 10 days following sampling on November 30,
1993, February 28, 1994, and May 31, 1994. The wastes to be tested include DAF sludge
and other high strength waste streams that are barged to sea for disposal at the
permitted dump site. This part of the study plan describes the methods proposed to
conduct the bioassay tests. The results of the tests will also be incorporated into the
modeling re-evaluation described below in Part II of the study plan.

General guidance for these tests is provided by USEPA (1991), ASTM (1992), and the
EPA/COE "Green Book" (1991). Specific guidance for performing biological-effects tests
for Ocean Disposal permits are outlined in Part III, Section 11 of the Green Book;
Evaluation of Dredged Material Proposed for Ocean Disposal: Testing Manual (EPA and
COE, 1991). However, the fish processing wastes to be disposed under this permits are
not similar to solid dredged materials. The high strength waste materials are mostly liquid
phase wastes which are positively to neutrally buoyant with a small fraction of negatively
buoyant solid particles. This waste is not expected to behave in a fashion typical of solid,
generally negatively buoyant, dredge spoil material when disposed of by dumping at sea.
Therefore, the physical and chemical nature of the wastes requires modifications to the
suspended bioassay tests as outlined in the Green Book.

The following Methods sections include the specific modifications required to properly
evaluate the toxicity of the tuna cannery high strength wastes. A description of the
proposed reporting schedule and format for the bioassay test results is provided in the
Reports section.

SAMPLING METHODS

Sample Composition

High strength waste samples will be collected at each cannery from the existing sampling
ports in the storage tank transfer lines. Three samples will be taken at 10 minute

I-1
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intervals while waste is being transferred from the storage tanks to the barge. Samples
for the bioassay tests will be composited from the three discrete samples. Waste from
each cannery will be collected and shipped separately and shall not be combined.

Sampling Times
Sampling will be conducted on the following days, if possible:

. Tuesday, November 30, 1993
) Monday, February 28, 1994
. Tuesday, May 31, 1994

If a cannery is shut down, or material is not being transferred to the barge on that day,
sampling will be done at the first available time.

Sample Shipping and Handling

EPA approved chain-of custody, sample shipping and handling, and record keeping will
be conducted to preserve and monitor the integrity of the samples used for the required
bioassays. Samples will be cooled at the canneries after collection and then packed in
ice for shipment. The permit requires tests will be initiated within 10 days of sample
collection. There are significant and well recognized problems with shipment of material
from American Samoa. Every reasonable effort will be made to meed the required 10-
day maximum holding time. If the holding times are exceeded for some reason, EPA
Region IX will be contacted to determine if the tests should be initiated or if new
samples should be collected and shipped.

TEST METHODS

Selected Species

The permit condition requires testing of three species selected from three groups listed
in section 3.3.5 of the permit. We propose tests be conducted with the pacific mysid
shrimp (Holmesimysis costata) juveniles, pacific sanddab (Citharicthys stigmaeus) juveniles,
and purple sea urchin (Strongylocentrotus purpuratus) larvae. These species and life
stages were chosen because they represent sensitive crustacean, fish, and zooplankton
components of the marine community, tolerate laboratory conditions, and can be readily

I-2
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tested as young life-stages. These species are also roufine]y used in conducting bioassays
for the ocean disposal permit program. Of great importance are the practicality and year-
round availability of the appropriate life-stages of all three of the above species.

The shrimp and fish species were selected from the lists (Group 2 and Group 3,
respectively) specified in the permit special condition. The sea urchin species
(Strongylocentrotus purpuratus) was not listed in the permit (Group 1). We have
recommended a different species because it is important that the same species and life-
stages be used for each test series conducted. Three test series of bioassays will be
conducted over approximately 9 months. The rationale for recommending a different
species is as follows:

. The mollusc species listed in Group 1 (Mytilus sp. and Crassostrea sp.) and
the copepod (Acartia tonsa) are potentially difficult to obtain at the
appropriate life stage at all of the times specified in the permit condition.

. Therefore, sea urchin larvae, also listed in Group 1, are proposed for these
tests instead of mollusc or copepod because of their availability at all times
of the year.

. However, the sea urchin specifically listed (Trypneustes sp.) is not readily

available and may be difficult to obtain, particularly at the specific times
as required in the permit and an alternate sea urchin species
(Strongylocentrotus purpuratus) is recommended.

With a limited number of opportunities to evaluate the toxicity of the material to be
disposed, it is important to compare the results of bioassay tests using the same species
and life-stages. ~

If necessary, Mytilus sp. (mussels) will be used as a backup species to the sea urchin and
white shrimp (Paneaus vannamai) will be used as a back-up test species for the mysid

shrimp should the primary test species be unavailable at the time of the bioassays. All
reasonable efforts will be made to consistently use the primary test species.

Acclimation and Holding

All test organisms will be brought into the laboratory and gently acclimated to test
conditions and control water (dilution water) for a minimum of 24 hours prior to test

I-3
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initiation. Salinity, temperature, and dissolved oxygen conditions during test organism
holding and acclimation will be monitored to ensure proper acclimation is obtained prior
to starting the bioassay tests.

Sample Preparation

Properly refrigerated wastewater samples will brought up to test temperature prior to
further test solution preparation. If the salinity of the waste solution is greater than 2
grams per liter less than that of the disposal site receiving water, salinity of the test waste
solution will be adjusted with anhydrous sea salts up to the receiving water salinity. Time
will be allowed for waste solution pH and salinity equilibration prior to bioassay
initiation. Similarly, test control water will be adjusted to appropriate test salinity prior
to test initiation.

. Initial dissolved oxygen demand (IDOD) has been determined to be a problem with
cannery effluent and high strength waste streams. Preliminary IDOD measurements
were done at the canneries in October of 1993. The results are given in Appendix 2 of
the study plan. IDOD determinations will be conducted and recorded for the samples
prior to the start of the bioassays. The results of these IDOD measurements will be used
to determine sample dissolved oxygen (DO) conditions and aeration procedures required
for the bioassays.

Experimental Conditions

Serial dilutions using filtered natural seawater obtained from the Bodega Bay Marine

Laboratory, California will be prepared by volumetric addition of diluent and high

strength waste effluents from each cannery. Glass graduated cylinders and other non-

contaminating labware will be used to prepare the test solutions. The permit condition

requires dilutions of 100, 75, 50, 25, 10, and 5% waste concentrations, as well as a

control. Based on previous bioassay results for both the high strength wastes and the

joint cannery effluent discharged through the outfall, we recommend that the dilutions
used be concentrations of 50, 25, 10, 5, 2.5, 1.25, 0.62, and 0.31 % waste. Control water

consisting of diluent water only will also be tested. Five replicate test vessels will be

prepared for each test solution and control.

Test vessels will be maintained in controlled temperature incubators or water baths and
allowed to acclimate to test conditions prior to the test initiation. Temperature, salinity,
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pH, ammonia and DO will be measured prior to test organism assignment into the test
vessels. If DO concentrations are less than 40-percent of saturation or less than 4 mg/liter
in any test solution or control, acration will be initiated sufficient to maintain adequate
DO levels in all test vessels and in all test concentrations (and controls) to maintain DO
concentrations at a levels sufficient to support the organisms. Test photoperiod will be
controlled by automatic timers to ensure adequate light for the bioassays.

Test temperatures for the fish, crustacean, and sea urchin bioassays will be 15, 15 and
18 degrees celsius respectively. Salinity for these tests will be that of the receiving water
at the disposal site. Test organisms will be randomly assigned into the test vessels. Test
vessels will be covered with loose fitting glass or non-contaminating covers and placed
into the temperature controlled incubators.

The bioassays will be conducted for 96 hours (4 days). Daily observations to enumerate
live fish and mysids and to monitor water quality parameters will be conducted
throughout the bioassays. Equal volumes of food will be added to only the mysids to
reduce cannibalization of this species within the test vessels.

The effect measured in the fish and mysid bioassays is mortality as defined as: no
observed movement exhibited by the test organism after gentle swirling of the test
container or probing. The test endpoint for the sea urchin larvae bioassay is mortality
and/or larval abnormality as compared to the control organisms.

QUALITY CONTROL AND QUALITY ASSURANCE

The quality assurance objective is to characterize the potential toxicity of each of the
canneries high strength waste to marine organisms by collecting bioassay test data of
known and acceptable quality. The qualifications of the laboratory and personnel
conducting the tests is provided in Appendix 3. The procedures described in the Test
Methods section above describe the QA/QC procedures for sampling, analytical
procedures, equipment calibration, sample custody, and data reduction and analysis.

Mortality in the controls of less than 10-percent in the fish and crustacean tests and 30-
percent in the sea urchin tests after 96 hours will indicate successful tests. If these
criteria are not met then EPA will be consulted to determine whether additional tests
should be considered. Concurrent reference toxicant tests with the fish and mysid test
species will be conducted using sodium chloride and reference toxicant tests with the sea
urchin will use copper sulfate solutions with test concentrations bracketing the known
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acute toxic concentration (LC50) for each species tested. These tests will be conducted
for a 24 hour duration. If the concurrent reference toxicant test LCS50 falls within 2
standard deviations of the testing laboratory’s cumulative sum LC50 for that species the
tests will be considered acceptable.

DATA ANALYSIS AND REPORTING

Test data analysis and calculations

Acute mortality and/or larval abnormality data will be used to calculate an acute median
lethal (LC50) or effect (EC50) concentration. A computer program (TOXDAT) will
facilitate the calculation of the 96 hour LC50 (or EC50 for the zooplankton tests) by
either: Probit, Spearman-Karber, or the Trimmed Spearmean-Karber Methods. The
analysis used will depend on the distribution of the mortality data obtained from these
toxicity tests. These LCS50 or EC50 values will then be used to calculate Limiting
Permissible Concentrations (LPC’s).

Reports

A report of the results of the bioassay tests will be prepared following each of the tests.
The report format will be as described in the permit conditions (Sections 3.3.5.1 through
3.3.5.5). Specific information including bioassay materials and methods, sampling.
procedures, results, data analysis, and discussion will be included in the report. General
guidance for the bioassay reports will be that of EPA (1991).

REFERENCES

American Society for Testing and Materials, ASTM. 1992. Standard Practice for
Conducting Static Acute Toxicity Tests with Embryos/Larvae of Four Species of
Saltwater Bivalve Molluscs. Designation E724-92. Annual Book of Standards, Vol:11.04.
ASTM, Philadelphia, PA.

United States Environmental Protection Agency. 1991. Methods for Measuring the Acute
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms. Fourth
Edition. EPA/600/4-90/027. September 1991. 293 pp.
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United States Environmental Protection Agency, United States Army Corps of
Engineers. 1991. Evaluation of Dredged Material Proposed for Ocean Disposal: Testing
Manual. EPA-503/8-91/001. February, 1991.
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Part 11
PLAN OF STUDY FOR MODELING RE-EVALUATION

INTRODUCTION

Permit condition 3.3.5 of the Ocean Disposal Dumping Permits for StarKist Samoa and
VCS Samoa Packing requires that the bioassay results be used re-evaluate the previous
model predictions of dispersion of the plume created by dumping fish processing wastes
at sea. The previous predictions are presented in the FEIS (EPA, 1989) and in a
supplementary study (SOS, 1990). A field study of the fate of the wastes is described by
Soule and Oguri (1983). A description of the previous model and the details of the past
modeling results are found in Appendix B of the FEIS.

We propose to conduct the model re-evaluation in three phases:

[1]  The existing model formulation, as described in the 1989 FEIS (Appendix
B) will be used "as is" with model predictions evaluated using the new
bioassay test results. Any differences in conclusions between earlier work
and the reevaluation will be presented and discussed. ‘

[2]  The input data and assumptions used in the model will be examined and
evaluated. Sensitivity studies will be done for critical parameters, including
assumed values for diffusion coefficients, initial dilution, and ambient
conditions. The appropriateness and applicability of previously assumed
values will be discussed.

[3] A different, more sophisticated model(s), and/or modifications to the
previous model, using appropriate assumptions, will be applied as an
independent check of the previous model predications. The model
selection will be based on the results of step [2] above. The objectives of
the re-evaluation with a different model is to account for changes in vessel
characteristics and operational methods and to develop a more representa-
tive model. '

The previous model, based on an approach originally developed by Norman Brooks, is
typically very conservative in similar applications. Other assumptions in the model are
also conservative. The use of a different or modified model will allow an evaluation of
the degree of conservatism being applied. The initial dilution assumptions will also be
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examined. The propeller stream of the vessel will be modeled, using an established
model developed at Texas A&M and modified by CH2M HILL, to assess the actual
degree of the initial mixing. Conclusions and recommendations will be presented based
on the independent assessment. The three phases of the model re-evaluation are
described below.

MODELING METHODS

Re-evaluation of Previous Model Predictions

The results of the previous model are presented in terms of dilution (or concentration)
of fish processing waste versus distance from the initial dump site. Based on the results
of the bioassay tests, the distance from the dump site where the effluent is diluted to the
limiting permissible concentration (LPC) level can be determined.

The previous model provided results parametricly with assumed ocean current speed,
pumping rate, settling velocity, and other variables. The re-evaluation will examine the
range of ambient receiving water conditions, pumping rates, and effluent characteristics
for the new bioassay results to determine worst case conditions.

Appropriate changes in model input parameters, such as vessel beam, vessel speed, or
pumping rate, will be incorporated but the model formulation will remain as originally
developed. A verification run using identical input for a previous model run will be done
to confirm the same formulation is being used. A discussion of any differences between
previous predictions and those for the new bioassay test results and compliance with
permit conditions will be developed from the results of this phase of the model re-
evaluation. '

Re-evaluation of Model Assumptions and Input

The model assumptions and input can be considered in three categories:

. Model formulation assumptions: assumptions involved in the basic
formulation of the model involving the fundamental physics and mathemat-
ics used
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. Model development assumptions and input: the assumptions and
methodology used to chose the magnitudes of the variables describing the
important physical processes
. Model execution assumptions and input: the values used for the descrip-

tion of ambient conditions and characteristics of the waste material.

Each of these categories of model assumptions and input will be examined and re-
evaluated. Each of the categories of assumptions and input is discussed in more detail
below. In addition to the direct re-evaluation of the model assumptions and inputs, the
sensitivity of the model will to important variables will be assessed. The results of the
model predictions, and the conclusions drawn from the previous model results (for
previous bioassay tests and the new bioassay tests) will be examined and discussed in
terms of model assumptions and inputs. Evaluations of the degree of conservatism in
the previous model formulation and execution will be presented.

Model Formulation Assumptions. The previous model formulation was based on the
~approach presented by Brooks (1960), and is essentially the same basic model as CDIFF
(Yearsley, 1989). The formulation developed by Brooks calculates the lateral diffusion
of a discharge plume as it is advected in the longitudinal direction and does not account
for longitudinal dispersion.

As initially developed by Brooks, the approach does not account for vertical diffusion,
does not provide for the settlement of negatively buoyant constituents in the plume, and
does not account for the dispersion of a positively buoyant plume or positively buoyant
components of the discharged material. In addition the model, as implemented in the
FEIS, assumes a line source of constant source strength and does not simulate the
discharge from a vessel traveling in an arbitrary path for a finite length of time.

The FEIS model provides for a settling velocity by redefining the longitudinal coordinate
at a downward angle defined by the relationship between the longitudinal current speed
and assumed vertical settling velocity such that:

X’ = x - cos(0)
where

8 = tan(ufw,)

u = ambient horizontal, longitudinal velocity
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w, = settling velocity

The FEIS model also accounts for vertical diffusion by applying a concentration
reduction factor based on a Fickian diffusion coefficient (K,). This factor is applied to
the calculated centerline concentration (C,,,) by

Cmax ‘ {(H/4) : (2’Kv-t + H2/16)-05}

to calculate an adjusted value of C_,, accounting for vertical diffusion, where H is the
initial vertical plume dimension and t is travel time along the plume trajectory.

Each of the basic assumptions of the model and the modifications made for the FEIS
model, as discussed above, will be evaluated. In particular the assumption of a
continuous line source will be examined and the implications of applying the model to
a source discharge of a finite time interval will be evaluated.

- Model Development Assumptions. The values chosen to describe the physical processes
will be evaluated. These values include the lateral and vertical diffusion coefficients. In
addition the model formulation assumptions include the spatial and temporal scales over
which the model predictions are used. :

Model Execution Input Variables. The previous model input variables, not discussed in
the model assumptions section above, include ambient current speed, initial dilution,
settling velocity, and initial plume dimensions. An evaluation of the methodology and
assumptions used to select the values used for these variables will be done. Changes in
the values due to changes in vessel and operational procedures will be addressed. This
evaluation will be extended by the sensitivity study descried below.

Model Sensitivity. The sensitivity of the model to each of input variables and to
assumptions about the parameters used to describe the physical processes will be
evaluated. This will be done by running the model for a range of values.

Development of Independent Model
An independent model will be developed and used to evaluate the dispersion of waste
discharged from the barge. The purpose of this model is to provide a more sophisticated

alternative to more realistically describe the fate and transport of the discharge. The
model will, at a minimum, include the effects of diffusion in both horizontal directions
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(longitudinal and lateral) and will model a discharge of finite time. In addition the
model will account for the spatial pattern of the discharge.

The model will use initial dilutions as determined from the size of the propeller
slipstream. Vertical diffusion will be accounted for using a technique similar to that used
in the FEIS model. It is anticipated that the major difference in the model predictions
will be reflected in the degree of conservatism involved in the model formulations and
development. Any differences in model inputs and predictions will be justified and
explained.

QUALITY CONTROL AND QUALITY ASSURANCE

The objective of the quality control and quality assurance (QA/QC) effort is to provide
a high level of confidence that the models are providing physically realistic predictions.
QA/QC will be achieved through use of the proven models executed by staff familiar
with those models. Specific QA/QC measures include: validation of model code and
that the models are providing physically realistic predictions, addressing a range of
potential conditions where appropriate, sensitivity analyses, and documentation and
maintenance of input and output files generated during modeling activities.

The models employed in the study are mathematical representations of physical
processes. The mathematical equations used are solved numerically (approximate
solutions) using a digital computer. It is important that this process, which is consider-
ably removed from the actual physical processes and behavior of the ocean, accurately
simulate what happens in the ocean. The process of validation uses representative
parameters for simplified system configurations to determine if the predictions reflect
reality. The process of validation begins as the initial model computer code is written
and continues as long as the model code is used. It is particularly important that any
changes in model code be checked for validity. The final element of validation is a
determination of how sensitive a model is to changes in input parameters. An extremely
sensitive mode| probably does not provide results with a high confidence level.
- Sensitivity checks will be carried out for each of the models for potentially critical
parameters.

Most numerical models of the type used here contain coefficients (e.g. friction factors,
diffusion coefficients) that are often study site specific. Although there are generally
accepted values for these coefficients, the range observed in nature is high and the
models can be somewhat sensitive to the values selected. The process of calibration and
verification uses measured values of forcing functions and responses to determine the -
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appropriate coefficients for the model configuration at the study site. Typically a set of
field data is used to determine the correct values to use for the coefficients. However,
this is beyond the scope of the present study and there is little or no available and
appropriate data for this task. In this case the model sensitivity studies, the use and
justification of reasonable values for the literature and similar studies, and the
incorporation of a prudent level of conservatism is required.

DATA ANALYSIS AND REPORTING

A report documenting the results of all analyses will be prepared. The report will
include summaries of all input data, modeling procedures, and model results. All
pertinent model results and' output files (as appropriate) will be reproduced as an
appendix to the report. Model resuits will be presented both in tabular form and
graphically (i.e. contour plots) as appropriate. The report will include: an executive
summary; an introduction describing the background, rationale, and general approach
of the study; a description of the methods used including model formulation and input
data; a description of the model results; an evaluation of the model validity for predicting
dilution and plume characteristics; and, an evaluation of the concentration of the fish
processing wastes within and at the boundary of the permitted ocean dumping site.

REFERENCES
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APPENDIX 1

SPECIAL CONDITION 3.3.5

Al-1



3.3.5. Eighteen months from the effective date of this special permit, the permittee
shall submit a report to EPA and ASEPA on the results of suspended phase
bioassay tests and reevaluation of the model used to predict the concentrations
of fish processing wastes disposed at the designated site. The suspended phase
bioassays shall be conducted using at least one species from each of the
following three groups: Group 1 = Mytilus sp. (mussel), Crassostrea sp.
(oyster), Acartia tonsa (copepod), or Trypneustes sp. (sea urchin) larvae; Group
2= Holmesimysis costata (mysid shrimp) or Penaeus vannamei (white shrimp);
and Group 3 = Citharicthys stigmaeus (speckled sanddab) or Coryphaena
hippurps (dolphinfish) juveniles.

- Appropriate suspended phase bioassay protocols, either protocols approved by
EPA or protocols published by the American Society for Testing and Materials
(ASTM), shall be followed. Suspended particulate phase bioassays shall be run
using the following fish processing waste concentrations: 100%, 75%, 50%,
25%, 10%, 5%, and a control (0%). A minimum of five replicates are required
per dilution concentration. Concurrent reference toxicant tests shall be
conducted when the suspended phase bioassays are run.

A sampling and testing plan shall be submitted to EPA Region IX and ASEPA
by October 1, 1993 for approval before the bioassay tests are conducted.
Samples for the suspended particulate phase bioassays shall be composited
from the permittee’s onshore storage tanks. Three samples shall be taken from
the onshore storage tank transfer line at 10 minute intervals. These samples
shall be composited to produce one sample for analysis. The permittee’s
samples shall not be combined with fish' processing waste from any other
permittee. The permittee shall take samples on the following dates: November
30, 1993, February 28, 1994 and May 31, 1994. Samples shall be collected
and shipped to the testing laboratory according to EPA-approved methods to
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ensure that the samples do not change before the bioassay tests begin. All
suspended particulate phase bioassays shall be started within 10 days of ,
sampling. .

The testing plan submitted by October 1, 1993 should also include a proposal
to reevaluate the disposal site model using results obtained from the new series
of suspended phase bioassays. These bioassays are being required to confirm
the toxicity of the fish processing wastes and to reevaluate the disposal
operations based on the use of a different disposal vessel.

The bioassay and computer model confirmation report shall contain the
following information:

3.3.5.1. INTRODUCTION AND PROJECT DESCRIPTION

The project description should include the following information about fish .
processing waste toxicity, previous bioassay test results, previous modelling at -
the ocean disposal site, and the design of the new bioassay tests.

3.3.5.2. MATERIALS AND METHODS

Fish processing waste sampling and sample handling procedures should be
described or referenced.

References for laboratory protocols for suspended phase bioassay tests.
1) EPA-approved methods and references.

2) Test species used in each test, the supplier or collection site for
) each test species, and QA/QC procedures for maintaining the test

species.

3) Source of seawater used in reference, control and bioassay tests.

4) Data and statistical analysis procedures.

S) Limiting Permissible Concentration (LPC) calculations.

6) Description of model selected to evaluate dispersal of fish processing
wastes at the ocean disposal site. Use of this model shall be approved
by EPA Region IX and ASEPA before it is used by the permittee to
evaluate the fish processing waste disposal plume.

3.3.5.3. DESCRIPTION OF SAMPLING PROCEDURES

QA/QC procedures and actual sampling procedures used during fish processing
waste stream sampling and handling of the samples.
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3.3.5.4. FINAL RESULTS, ANALYSIS OF DATA AND DISCUSSION

1) Complete bioassay data tables and summary bioassay tables shall be
furnished in the report. All data tables should be typed or produced as
a computer printout.

2) The permittee shall analyze the bioassay data and calculate the LPC of
the material as defined at 40 C.F.R. § 227.27(a-b).

3) The permittee shall use the LPC in the approved plume model to
determine the concentration of fish processing wastes disposed at the
designated ocean disposal site which complies with EPA’s Ocean
Dumping Criteria defined at 40 C.F.R. Parts 227 and 228.

3.3.5.5. REFERENCES

This list should include all references used in the field sampling program,

laboratory protocols, LPC calculations, modelling analyses, and historical data

used to evaluate the fish processing waste disposal operations at the designated
ocean disposal site.

3.3.5.6. DETAILED QA/QC PLANS AND INFORMATION

The following topics should be addressed in the QA Plan:

1) QA objectives.

2) Organization, responsibilities and personnel qi]aliﬁcations, internal
quality control checks.

3) Sampling and analytical procedures.

4) Equipment calibration and maintenance.

5) Sample custody and tracking.

6) documentation, dz'lta reduction, and reporting.

V) Data validation.

8) Performance and systems audits.
9 Corrective action.
10)  Reports.
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INTRODUCTION

Advanced Biological Testing Inc. (ABT) is a scientific consulting firm providing environmental .
and aquatic toxicological services to public and private clients. Established in 1993, ABT has a
professional and technical staff of the highest caliber. The organizational, professional and
performance history of our personnel attests to our commitment to focusing on the clients’
particular requirements or problems.

ABT is a California corporation with laboratory and offices in Tiburon, California. It is a small,
woman-owned business. ABT scientists have been involved in a wide variety of long-term
projects, including the development of effluent characterization programs and the design and
implementation of these programs. They have also participated in test protocol development
programs for marine and freshwater toxicity testing. ABT personnel have conducted marine
environment mitigation assessment studies; bay, harbor and marina activity impact analyses; and
a wide variety of aquatic toxicological studies. Specific projects have assessed the effects of
dredged material toxicity and disposal; assessment of toxicity from ocean and bay wastewater
outfalls; drilling fluid toxicity testing and dispersant bioassays for the offshore oil and gas
industry, and toxicity identification evaluations.

Our personnel have extensive experience in sampling in the marine environment; taxonomic
analysis of marine communities; sediment characterization and toxicity assessment; and
laboratory and field aquatic toxicity testing.

ABT provides a full-service aquatic toxicology laboratory with marine and freshwater test
systems that can be modified on short notice for specialized and large¥sca1c tests. The testing
laboratory is fully equipped to conduct the entire range of freshwater and marine toxicity tests,
including flow-through, static and static-renewal studies. Our personnel are knowledgeable in
organizing, interpreting, and presenting large data sets as well as having thorough knowledge of
data quality assurance, and analytical interpretation. Reports developed out of these efficient data
analyses are of the highest professional quality and are delivered to the client in a timely manner.



ORGANIZATION AND QUALIFICATIONS :

ORGANIZATION

Advanced Biological Testing Inc. (ABT) is a woman-owned business under the general
management of Ms. Sandi Kline. The Technical Director and President is Dr. Kurt Kline, and the
Project Manager is Mr. Mark Fisler. It is currently registering as a woman-owned business with
the State of California.

QUALIFICATIONS

Ms. Sandra Kline; Ms. Kline is Executive Officer and General Manager of ABT. She has over
twelve years experience in business including scientific consulting and commercial insurance.
She manages the day to day operations of ABT including the management of subcontractors, in-
house accounting, and contract management. In consultation with Dr. Kline and Mr. Fisler, she
prepares bids as well as qualifications statements. She supervises the production of all technical
reports for the company. She is a member of the Society of Quality Assurance and also acts as
the QA supervisor for the testing carried out at the laboratory. She has taken and passed the EPA
Society of Quality Assurance course.

Dr, Kurt F, Kline; Dr. Kline is President of ABT He received his doctoral degree from the
University of California at Davis in Ecology in 1978, with a specialization in équatic ecology,
bio-statistics and fisheries biology. Dr. Kline has over twenty years of experience in the
environmental consulting field, with the last ten years in aquatic toxicology and laboratory

management. He has experience in all phases of aquatic bioassay testing, with specific expertise
'~ in sediment toxicity studies, including dredge material analyses. He is an active member of the
American Society of Testing and Materials (ASTM) Committee E-47 as well as the Society of
Environmental Testing and Analytical Chemistry (SETAC). He préscnts scientific papers at
meetings and symposia annually.

Mr, Mark W, Fisler: Mr. Fisler is the Vice-President of ABT and serves as the Project Manager
for the laboratory. He has been conducting marine biological research for eight years. He
received his B.S. degree in Biology from George Mason University in 1984. As a Project
Manager, Mr. Fisler has performed a variety of aquatic studies including numerous dredge
bioassays. Mr. Fisler is responsible for field collection of sediments and water samples, and is
experienced with a variety of collection apparatus.



QUALITY ASSURANCE PROGRAM

Quality assurance in all phases of the testing programs is an important function at ABT. Our goal
is to generate irrefutable results for all of our clients, and the QA/QC program in place at our
laboratory provides the documentation necessary to assure our clients that the data presented to
them is of the highest quality. The QA/QC program extends from sample receipt to testing to
statistical analysis of the data to the ultimate presentation of the final report.

. Staff Responsibilities for Quality Assurance
*  Sample Custody
*  Quality Assurance Objectives



STAFF RESPONSIBILITIES FOR QUALITY ASSURANCE

The responsibility for specific project management is established to maintain project timelines,
efficient and cost effective testing, and report preparation. It defines the lines of authority and
provides the client with the individual(s) responsible for their testing program. The following
information provides the client with the duties and responsibilities for each key individual.

Technical Director

The Technical Director will represent management and will:

Be the initial point of contact for the client.

Assure that all necessary resources are available.

Assure that the Quality Assurance Unit is fully informed and involved in the project.
Assure that all personnel are informed of project QA policy.

Review all communication from the QA regarding the project.

Assure that any problems, deviations, etc., reported by QA receive immediate corrective

action.

Review and approve any QA plan.
Be responsible for the preparation of the final report.

QA Unit

The QA Unit (QA) will be responsible to the Technical Director and will:

Supervise audits and submit a summary audit report to the Project Manager.

Assist in the preparation of any required project QA plan.

Communicate closely with the Pfoject Manager. - _

Inform Project Manager and Technical Director of any problems and corrective action.
Review data files, records, forms or any other hard copy information.

Determine that analyses and procedures were done according to protocols.

Document any deviations from standard procedures.

Project Manager

The Project Manager will be responsible for performing the toxicity tests and will:

Be responsible for training of staff where required.

Be responsible for sample custody and initial water quality analysis.

Take corrective action for any problems observed and documented by QA.
Maintain control of data files, notes, records and other hard copy information.

. Be responsible for sample and data traceability.



Enforce protocol requirements.

Help prepare the project QA plan. oo

Ensure that QA receives sufficient documentation to determine that the project QA
requuements have been satisfied.

Analyze data collected for QA (external analyses, etc.) for inclusion in final report.



SAMPLE CUSTODY

All samples are maintained under chain-of-custody, which documents the acquisition, storage
and testing of any sample received by the laboratory. This procedure provides the client with the
highest level of security during the sampling, transportation and testing of their materials.

Sample chain-of-custody (C-O-C) sheets will be prepared by the individuals collecting the
samples for those samples shipped from field test sites to ABT for testing. In the event that a
chain-of-custody form is not provided to the laboratory, one will be initiated at the time the
sample is delivered to the laboratory by the sample custodian. These C-O-C sheets will include
the sample ID number, date and time of sampling, volume of sample, preservatives added (if
any) and the analyses or tests to be performed. A brief description of each sample will also be
included. The sheets will also include the identity of the person packaging the sainples, the
transportation method used and date of shipment. The original sheet will accompany the samples
being shipped. |



QUALITY ASSURANCE OBJECTIVES

Quality assurance procedures to be used for sediment testing are consistent with methods
described-in the U.S.EPA/ACOE (1991) and U.S.EPA (1985 a, b). The methods employed in
every phase of this sediment testing program are detailed in standard protocols and procedures
maintained in the bioassay laboratory.

The quality assurance objectives for toxicity testing conducted by ABT involve all aspects of the
testing process including: (1) water and sediment sampling and handling; (2) source and
condition of test organisms; (3) condition of equipment; (4) maintenance of appropriatc testing
conditions; (5) instrument calibration; (6) use of reference toxicants; (7) record keeping; and
(8) data evaluation.

Water and sediment sampling and holding: Sediment samples will be maintained at 4°C in the
dark until they are used in the testing system. All sediments will be held in sealed storage bags.
Water and Effluent samples will be maintained for no more than 36 hours as specified by EPA
procedures.

l" . f test organism: All test organisms will be purchased from reputable

suppliers who have brovided ABT with organisms in the past. Normally, all test organisms are
maintained in the laboratory for acclimation (exception are bivalves and echinoderms). If
mortality in excess of 5% is noted in the holding stock, the animals will be discarded and a new
batch ordered.

Maintenance of test conditions: Each test has a set of specified test conditions as defined in the
standard testing guide or protocol. The specific required parameter limits are generally noted in
the section on the acceptability of the test. If these criteria are not met, the test will be rerun if
appropriate.

Qahh;mgm_mgg_edmd_fmnm Instruments are calibrated daily according to Laboratory
Standard Operating Procedures (SOPs) and calibration data are logged and initialed. Calibration

logs are monitored weekly to ensure that they are complete.

Reference toxicant testing: A reference toxicant will be run routinely during the test period to
establish the validity of the toxicity data. Reference toxicant data for species used in the
performance of aquatic bioassay are available at the laboratory, and the LC50 should fall within



two standard deviations of the current laboratory mean; Water quality measurements will be
monitored to ensure they fall within the prescribed limits for each test procedure, and corrective
actions will be taken if appropriate.

Test deviations: All deviations from the standard testing guide or procedure will be reported with
the final report. If any aspect of a test parameter deviates from protocol, the test will be evaluated
to determine whether its validity has been compromised according to the regulatory agency to
which it will be submitted. If the study has been compromised, the client will be notified and the
test rerun.

Internal quality control checks: The quality control unit conducts pcriodic audits to ensure that
test conditions, data collection and test procedures are according to protocol. Animal receipt and

maintenance log books are used to record the source and health of organisms. Reference toxicant
tests act as an internal check on organisms health and performance during the test.

Sample storage and tracking: Sample chain-of-custody (C-O-C) sheets will be prepared for each
of the samples shipped from the field to ABT for aquatic toxicity tests. These C-O-C sheets will
include the sample ID number, date and time of sampling, volume of sample, preservatives
added (if any) and the analyses or tests to be performed. A brief description of each sample will
also be included. The C-O-C sheets will also include the identity of the person packaging the
samples, the transportation method used and date of shipment. The original sheet will accompany
the samples being shipped.

Upon receipt of any sample, laboratory personnel will enter the time and date of arrival, the
identity of the carrier as well as the person receiving the samples, and the condition of the
samples on the C-O-C sheet. All persons involved with sampling, transporting or receiving the
sample will sign and date the C-O-C. A copy of the sheet will be returned to the client. The
original C-O-C form will be kept for the study files. The samples will then enter into the
laboratory sample control system to ensure proper storage (4 + 2°C) and holding time.

Under normal circumstances all aqueous samples will be immediately analyzed for dissolved
oxygen, pH, conductivity or salinity, temperature, total residual chlorine and ammonia. These
data are entered into the data package. If the results of this analysis lead the laboratory to suspect
testing problems, the client will be called immediately and the potential problems discussed. No
testing will be carried out without this verified communication process.



Data analysis. validation and reporting: All bioassay tests are performed according to protocols
and standard test conditions. The quality control unit checks all the raw data and records of the
study to ensure that the required test conditions are within specifications. Any unforeseen
circﬁmstances that may affect the integrity of the study are reported with the test results. The data
analysis and final report are reviewed for accuracy by QA.

Procedures used to assess data precision and accuracy: The precision of the LC50 determination
from the reference toxicant will be shown by calculating the 95 percent confidence intervals and
standard deviations over time. Acceptable accuracy will be a mean reference toxicant value that
is within two standard deviations of the current laboratory mean. A value greater than two
standard deviations but less than three could be acceptable if the results of the sediment testing
indicate that no significant sensitivity (or lack of sensitivity) was apparent in the testing.
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October 19, 1993

Steven L. Costa

Project Manager

CH2M Hill

P.O. Box 12681

Oakland, CA 94604-2681

Re: Approval of Modifications to the Joint Cannery Outfall Study
Plans: Effluent Chemistry and Bioassays

Dear Steve:

We have reviewed the reports on the chemical analysis of
effluent for VCS Samoa Packing (April 30, 1993) and StarKist Samoa
(April 29, 1993), as well as the technical memorandum of May 10,
1993 on biocassay tests on the combined cannery effluent. Oour
comments on these reports and their recommendations are as follows:

Effluent Bioassay Tests

The first biocassay results indicated the effluent probably has
a high immediate dissolved oxygen demand (IDOD) which was responsi-
ble for the observed mortality of the test organisms. We approve
of the proposal to continue to use a combined cannery effluent
sample as done in the first bioassay tests, and include immediate
dissolved oxygen demand (IDOD) tests on these samples. The tests
will then be run with sufficient aeration to support the test
organisms. Parallel tests should also be run following standard
procedures.

Reasonable attempts must be made to obtain Penaeus vannamei as
the test organism. However, in the event these organisms are not
available, Mysidopsis bahia and/or Holmesimysis costata may be used
as substitute organisms.

Please see the attached memo from Amy Wagner of EPA'’s
Laboratory Support Section for further comments on the results and
proposed study plan.

Chemical Analysis of Effluent

The chemical analysis of the effluent revealed exceedances of
ambient water quality standards for silver (StarKist) and copper
and zinc (Samoa Packing). If the results of the second tests show
similar exceedances, this will be cause for concern and we will
require the canneries to seek the source of the metals and
implement measures to reduce their discharge.
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However, since dioxin and asbestos were not detected in the
effluent, we are approving the request to eliminate analyses for
these substances in future effluent chemical analyses.

Please call Pat Young at 415/744-1594 if you have any dques-
tions regarding the above.

Sincerely,
(Y legma-
¢ Norman{f. Lovelace, Chief

Office of Pacific Island and Native
American Programs (E-4)

Enclosure

cc: Jim Cox, Van Camp Seafood Company
Norman Wei, StarKist Seafood Company
Tony Tausaga, American Samoa EPA
Sheila Wiegman, American Samoa EPA
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October 1, 1993

SUBJECT: Review of Joint Cannery Outfall Effluent Bioassay Testing

results
FROM: Amy L. Wagner, P-3-1 AL
Laboratqory Support Section
s 0N A2 .
THRU : B hﬁg sttencourt, Chief
Laboratory Support Section
TO: Pat Young, E-4
OPINAP

I have reviewed the bioassay testing report of the Joint Cannery
Ooutfall for StarKist Samoa and VCS Samoa Packing. The comments
below summarize our discussion today.

1. The report suggests (p. 4) that a high immediate dissolved
oxygen demand (IDOD) may be responsible for the toxicity testing
results. However, supplementary tests still showed 100% toxicity
when test containers were aerated. These results suggest toxicity
in the effluent was due to factors other than low dissolved oxygen
concentrations. It should be noted that the chemical analyses
indicated high levels of metals. Specifically, the reported values
for copper and zinc exceed some acute levels for marine
invertebrates in the water quality criteria documents.

2. The manual "Methods for Measuring the Acute Toxicity of
Effluents and Receiving Waters to Freshwater and Marine Organisms,"
Fourth Edition, EPA/600/4-90/027, should be followed more closely
in future tests. As stated in Table 15 (p. 64), aeration should be
provided if dissolved oxygen falls below 4.0 mg/L and a renewal of
the test solutions must be conducted after 48 hours. As proposed

in the report, an IDOD test may be run on the effluent prior to
testing.

3. Although testing is being conducted on a semi-annual basis, a
reference toxicity test must also be run concurrently with the
effluent toxicity test. Reference toxicity tests are stipulated in
the acute toxicity testing manual (p.8) and provide information on
the consistent quality of test organisms.

4. Use of the white shrimp, Penaeus vannamei should be continued.
If this species 1is unavailable, Mysidopsis bahia would be an
acceptable surrogate species since it is listed in EPA’s acute
toxicity testing methods manual to be mandated in the Federal




Register this year. Formal approval of this substitute organism is
the responsibility of the Permits Issuance Section.

Further information regarding toxicity testing policy and permit
language should be referred to the Whole Effluent Toxicity
Coordinator, Debra Denton (W-7-1), at 744-1919. I have given her
a copy of the permit and report. If you have any further
questions, please do not hesitate to contact me at 744-1495.

cc: Debra Denton, W-7-1
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10 May 1993
PDX30702.EL

Patricia N.N. Young

American Samoa Program Manager

Office of Pacific Islands and Native American Programs
U.S. Environmental Protection Agency

75 Hawthorne Street (E-4)

San Francisco, California 94105

Dear Pat:

Subject: Joint Cannery Outfall Effluent Bioassay Testing

Enclosed are two copies of a Technical Memorandum describing the results of

the bioassay testing done under StarKist Samoa and VCS Samoa Packing NPDES
permit requirements.

If have any questions please feel free to call me at your convenience.

Sincerely,

CH2M HILL

Steven L. Costa
Project Manager

cc:  Norman Wei, StarKist Seafood Company
James Cox, Van Camp Seafood Company
Maurice Callaghan, StarKist Samoa, Inc.
Michael Macready, VCS Samoa Packing Company

CH2M HILL 1111 Broadway, Suite 1200, Oakland, CA 94607-4046 510251-2426
P.O. Box 12681, Oakland, CA 94604-2681 Fax No. 510 893-8205
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TECHNICAL MEMORANDUM CHMHILL

PREPARED FOR: StarKist Samoa, Inc.
VCS Samoa Packing Company

PREPARED BY: Steve Costa/CH2M HILL/SFO
David Wilson/CH2M HILL/SEA
Tim Hamaker/CH2M HILL/RDD

DATE: 10 May 1993

SUBJECT: Bioassay Testing of Effluent
February 1993 Sampling

PROJECT: PDX30702.EL.R1

Purpose

This memorandum presents the results of the effluent bioassay testing of the Joint
Cannery Outfall effluent sample that was collected in February 1993. This is the first
of the required semi-annual tests. Previous Technical Memoranda described the results-
of concurrent effluent chemistry testing.

Study Objectives

Section D.1 of the StarKist Samoa and VCS Samoa Packing NPDES permits requires
that semi-annual definitive acute bioassays (96-hour, static bioassays) be conducted on
the cannery effluent. The purpose of these bioassays is to determine whether, and at
what-effluent concentration, acute toxicity may be detected for the effluent.

These bioassays are to be conducted using the white shrimp, Penaeus vannamei
(postlarvae). The acute biomonitoring effluent sampling must be concurrent with
effluent sampling for priority pollutant chemical analysis. Effluent samples are to be
collected as 24-hour composite samples.

The first semi-annual effluent acute bioassay was conducted using a composite effluent
from both the StarKist Samoa and VCS Samoa Packing facilities, as approved by EPA.

. This combined effluent bioassay is representative of the wastewater discharged from

the Joint Cannery Outfall.
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Effluent Bioassay Testing
February 1993 Sampling
StarKist Samoa/VCS Samoa Packing

Effluent Sampling Methods

Between 0900 on February 16th and 0900 on February 17th, 1993, a 24-hour, flow-
weighted composite sample of final effluent was collected from both the StarKist
Samoa and VCS Samoa Packing treatment plant discharges. Samples were collected
from the established effluent sampling sites following the routine composite sample
collection schedule for the plants.

A total of eight grab samples were collected into pre-cleaned 5-gallon plastic
cubitainers at each plant. Samples were collected at three-hour intervals over a 24
hour period. The samples were stored on ice until the completion of the 24-hour
sampling period. After all samples were collected a flow-proportioned composite
sample was prepared. The grab sample collection times and the relative effluent
volumes calculated from plant flow records are summarized in Table 1. The relative
effluent volumes were used to prepare the final composite sample, which was used to
fill the sample containers shipped to the laboratory for testing.

Table 1
StarKist Samoa and VCS Samoa Packing 24-hour Composite Sample
for Bioassay Testing
February 16-17, 1993
Grab VCS Samoa Packing StarKist Samoa VCS Samoa StarKist
Sample Packing Samoa
Number | sampling | Effluent | Sampling | Effluent Percent of | Percent of
Time Flow Rate | Time | Flow Rate | Total Flow | Total Flow
(gpm) (gpm)
B | 1200 540 1100 950 36 64
2 1500 540 1400 800 40 60
3 1800 540 1700 800 40 60
4 2200 550 2000 800 41 59
5 2400 560 2300 800 41 59
6 0300 680 0200 850 44 56
7 0600 640 0500 850 43 57
8 | 0900 620 0800 825 43 57
Mean 584 834 41 59
2
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Effluent Bioassay Testing
February 1993 Sampling
StarKist Samoa/VCS Samoa Packing

Sample cubitainers were packed on ice in ice chests for shipment to the laboratory.
Sample chain of custody forms were completed and then sealed into zip-lock bags and
taped inside the lid of the ice chest. Samples were shipped as checked luggage on
flights from Pago Pago to Honolulu and then to San Francisco. Samples that were
composited on February 17th, were delivered to the testing laboratory at 0930 on
February 19th. Laboratory bioassay test reports and chain-of-custody forms are
attached to this memorandum. The chain of custody forms are included in Attachment
I and the laboratory test report is included as Attachment II.

Results

The bioassay tests were conducted by MEC Analytical Systems, Inc., Tiburon,
California. The results were provided by the laboratory in the Surmmary Report for an
Acute Bioassay Conducted under NPDES dated March 18, 1993 included as Attachment
II. This report summarizes the 96-hour acute bioassay test conducted with reference to
the EPA document EPA/600/4-90/027 as the source of methods for conducting the test.

The results of the bioassay tests (LC50 = 4.8-percent effluent; NOEC = 3.13-percent
effluent) indicate that: [1] whole effluent at high concentrations may be toxic under
laboratory conditions or, [2] the standard bioassay laboratory test procedures may not
be appropriate for this type of effluent. Based on the test data the latter appears to be
the more likely. Neither of these possibilities should be of concern. The consequences
of both possible interpretations are as follows:

[1] The maximum whole effluent toxicity potentially indicated by the
laboratory tests (but not confirmed) would require a dilution of about
32:1 (3-percent effluent concentration) to achieve non-toxic levels after
one to three days of exposure. Under actual field conditions in Pago
Pago Harbor the initial dilutions, under worst case conditions, are
predicted to be about 350:1 (0.29-percent effluent concentration) which is
achieved in less than two minutes. This is over ten times the 32:1 level
indicated above. Therefore, under actual field conditions, organisms will
not be exposed to_effluent at potentially toxic levels present under
laboratory conditions..

- The indicated 32:1 level represents a toxicity mixing zone considerably
smaller than that already provided in the NPDES permits for ammonia.
For example, using the results of the modeling previously done for the
mixing zone application, assuming worst case conditions, a dilution of
32:1 is predicted within 12 seconds of discharge and within 6%2 meters of
the diffuser ports. Given the depth of discharge (about 180 feet) and the
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Effluent Bioassay Testing
February 1993 Sampling
StarKist Samoa/VCS Samoa Packing

high discharge jet velocity, it is unlikely that any organism could be
exposed to effluent at less than 32:1 for more than a few seconds.

{2]  The effluent probably has a high immediate dissolved oxygen demand
(IDOD) which may be responsible for the observed bioassay results. The
low dissolved oxygen (DO) measured after 24 hours during the laboratory
tests would account for observed mortality (see test results in Attachment
II). Supplementary tests, as described in the test results, did not include
measurements to investigate short term IDOD effects. To determine the
influence of IDOD, it is recommended below that the laboratory
procedure be modified to remove the IDOD from the effluent sample
prior to bioassay testing.

Under actual discharge conditions initial mixing is much more rapid
(seconds) than IDOD effects (minutes to hours) and no measurable DO
sag due to IDOD would be observed. Therefore, mortality of test
organisms attributable to IDOD effects is an _artificial laboratory testing
effect that would not be observed under actual discharge conditions.

Discussion

The survival data from this test are relatively self explanatory. In laboratory tests the
effluent appears to produce mortality in the test organism at concentrations of
approximately 3- to 6-percent after 24 hours of exposure. The 96-hour LC50 value was
determined to be 4.8-percent effluent (+0.5-percent effluent at 95-percent confidence
limits). The NOEC value was determined to be 3.13-percent effluent. The cause of
the mortality is uncertain. High un-ionized ammonia, a pronounced dissolved oxygen
sag over the first day of the test, a high immediate dissolved oxygen demand (IDOD),
and low pH all could potentially have contributed to observed laboratory test results.
The following analyses were conducted to examine each of these factors:

. Ammonia. Un-ionized ammonia was calculated to be 0.215 mg/l in 100-
percent effluent and 0.021 mg/l in 6.25-percent effluent. No available
data was found for ammonia toxicity to Penaeus vannamei. For other
shrimp species LC50 values for un-ionized ammonia vary widely from
0.23 to 3.41 mg/l.  Such data suggest that constituents or conditions
other than or in addition to ammonia are involved in producing the
observed test results.

. BOD. The high BOD levels of the effluent resulted in a significant and
potentially lethal DO sag over the first 24 hours of the test (aeration was
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Effluent Bioassay Testing
February 1993 Sampling
StarKist Samoa/VCS Samoa Packing

used throughout the remainder of the test and no additional mortality
was observed). The laboratory ran additional tests to determine if low
dissolved oxygen was responsible for the observed test results. Extra
sample was used to prepare 25- and 50-percent concentrations that were
aerated. After 24 hours 100-percent mortality had occurred, although
DO levels at the end of the test were high enough to prevent mortality.
This could be interpreted to indicate that mortality did not solely result
from low DO levels over the first 24 hours. However, the tests were not
continuously monitored for DO. Therefore a rapid, immediate, and
lethal DO sag with subsequent recovery to nonlethal DO levels (as
described below) would not have been detected.

IDOD. The supplementary tests, described above, may not have
identified effects of high IDOD in the effluent. The effluent may exhibit
a rapid DO demand within a time scale of minutes to hours. This could
result in a transient lethal DO level that would not be detected under
standard laboratory monitoring procedures. After an initial DO sag,
subsequent continuous aeration would elevate DO to acceptable and non-_
lethal concentrations. Mortality could be induced by the IDOD induced
transient DO sag. IDOD measurements and modified bioassay
procedures are recommended for the next test period to resolve this
issue.

pH. Many species of shrimp have relatively narrow tolerances to changes
in pH. Natural seawater has a pH range of approximately 7.9-8.3. Initial
pH values during the test were somewhat lower than the natural values,
but probably still within the tolerance range for Penaeus vannamei, For
the initial test solution, pH varied with increased effluent concentration,
decreasing from pH 7.63 in the 1.56-percent effluent (and the control
group), to pH 7.06 in the 50-percent effluent. An initial pH of 7.33 was
measured in 100-percent effluent. Mortalities of 10- and 100-percent

~were observed for concentrations of 3.13- and 6.25-percent effluent,

respectively.  Corresponding initial pH values were 7.67 and 7.5,
respectively. After 24 hours corresponding pH values were 7.55 and 7.26,
respectively. This is a narrow range of pH values, within the expected
tolerance range of the organism, and it is unlikely that pH is solely
responsible for the bioassay test results observed.

The mortality dose response curve for this effluent was very steep in this bioassay test.
This result indicates that a threshold (of effluent concentration) was reached beyond
which mortality occurred. The cause of laboratory test results is not known, but high
IDOD is suspected as the primary cause. It is important to recognize that the potential
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exposure time of organisms to actual discharged effluent in the harbor is extremely
limited. A 3.13-percent effluent concentration (the NOEC) is equivalent to a dilution
of 32:1. The modeling done for the mixing zone application indicates that, for worst
case conditions, a 32:1 dilution is reached within 12 seconds of discharge from the
diffuser within a distance of about 6)2 meters from the discharge port. This rapid
mixing would entirely eliminate the effects of high IDOD or any potentially toxic
constituent.

Conclusions and Recommendations

The laboratory test results for the Joint Cannery Outfall effluent are not of concern.
Ammonia effluent limitations are incorporated into the NPDES permit. For example,
the ammonia limits were based on a toxicity mixing zone represented by an initial
dilution of 80:1. Therefore, existing effluent limitations and permit conditions exceed
those required to account for the laboratory bioassay test results for the effluent.

The laboratory conducting the tests was selected based on an evaluation by CH2M.
HILL of a list of five candidate laboratories. The tests were conducted in a thorough
manner and the results appear valid and scientifically sound. Laboratory staff have
suggested that aeration be started immediately on subsequent tests. Since the test
species is not a standard bioassay species reference toxicant quality control charts have
not been developed. For the limited testing to be conducted (once every 6 months) the
development of reference toxicant information is not recommended.

The observed bioassay results may have been induced in the laboratory by high IDOD
levels. CH2M HILL recommends that IDOD be measured in the effluent prior to the
next bioassay test. If the IDOD measurements indicate a potential cause of mortality,
the bioassay test procedure should be modified to eliminate IDOD prior to testing.
The proposed modified procedure will be made available for review by USEPA and
ASEPA. Parallel tests would be run following standard procedures.

Difficulty was found in obtaining the organisms for the test. The organism is a
common aquiculture species but not a standard bioassay species. Therefore, the
postlarval life stage is not always available and is difficult to obtain in small quantities.
This results in a relatively expensive test organism that may not be available at the time
scheduled for future testing. CH2M HILL strongly recommends that an alternate
organism be selected and approved by the U.S. Environmental Protection Agency and
the American Samoa Environmental Protection Agency prior to the next scheduled test
in August 1993.
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SUMMARY REPORT FOR AN ACUTE BIOASSAY
CONDUCTED UNDER NPDES

MEC Analytical Systems, Inc.
Bioassay Division ~

98 Main St #4238

Tiburon, CA 94920

Client: CH2M Hill California, Inc. REPORT DATE: March 18,1993
1111 Broadway
Oakland, CA 94607

SAMPLE AND BIOASSAY INFORMATION PROJECT #93014-1

TEST INFORMATION

Type: 96-Hour Acute
Concentrations (%):  1.56, 3.13, 6.25, 12.5, 25, 50, 100

Species: Penaeus vannamei
Common name: White Shrimp
Age: post - larval
Mean length (mm): 7.6
Mean weight (mg): 0.66
TEST PARAMETERS SAMPLE INFORMATION
# Organisms/tank: 10 Project Name: Starkist/Samoa NPDES
Sburce: Brezina & Associates Sample ID: Starkist, 24 hour composite
Dillon Beach, CA Date Sampled: 2/16/93-2/17/93
Sample Received: 2/19/93

- Test Start Date: 2/20/93
Exposure volume (mL): 500 Sample Preparation: Salinity to 25ppt
Test chamber size (mL): 1000 Diluent: Ocean Beach Seawater at 25ppt
COMMENTS:

Ammonia levels in the effluent were very high. Un-ionized ammonia levels reached 0.215 mg/L in 100%
effluent. Mortality occurred in all concentrations down to 6.25%, which had an un-ionized ammonia

of 0.021 mg/L. Data for ammonia toxicity 10 Penaeus vannamei was unavailable, but data for other

shrimp species indicate widely varying LCS50s (from 023 to 3.41 mg/L. NH3 -N).

These data implicate toxicant(s) other than ammonia. Dissolved oxygen levels were low throughout the test.
Solutions were aerated 24-hours after the test began, but mortality occured in the first 24-hours of the study.
To determine if low oxygen levels caused the mortality a mini-study was performed. Extra sample was used
1o prepare 25% and 50% concentrations; these soulutions were aerated, and organisms were

placed in them. Dissolved oxygen levels were high enough to be non-toxic, but after 24-hour$, 100%
mortality occured. These data indicate toxicity was not due solely to low dissolved oxygen levels.
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RESULTS

LCS0 (%): ) 438 NOEC (%): 3.13
95% CL " (43-5.2) METHOD: Bonferroni Adjusted 1- st
Method: Spearman - Karber
Reference: EPA 1990 Methods for Measuring the acute toxicity of effluents to freshwater and marine organisms,

Third edition. Peltier, WH. and C.I. Weber eds. EPA, Enivironmental Monitoring and
Support Laboratory, Cincinnati, OH, EPA/600/4-90/027.

Kurt F. Kline, Ph.D. Laura Targgart Eugenia McNaughton Ph.D.
Laboratory Director Study Director QA Manager




Project #: 93014

Water Quality Data
Total  Total Initial
pH DO NH3 c12 Sal

Sample  (unlts) (mg/L)  (mg/l) (mg/L) (ppt)

Effluent 6.47 25 406 0.05 126

}
Initial Water Quality:

251 1 204 8.4 7.19 25

50 1 20.1 76 7.06 25

100] 1 20.0 74 7.33 25

Conc Day 0 Day 1 Day2 Day 3

(%) Rep °C DO pH Sal °C DO pH Sal °C DO pH Sal °C DO pH Sal
Control| 1 20.1 9.4 1.67 25 197 93 7.67 25 194 89 7.62 25 19.1 9.0 7.58 25
Saline} 1 203 9.6 8.10 25 19.8 9.6 8.08 25 19.6 89 8.10 25 19.7 9.2 8.2 25
1.56] 1 202 93 7.63 25 194 9.3 7.68 25 195 89 7.65 25 19.8 9.2 7.7 25
313 1 20.1 9.4 7.67 25 20.1 93 7.67 25 205 89 7.65 25 196 9.0 7.78 25
6251 1 20.1 9.3 7.50 25 203 9.2 7.67 25 20.1 88 7.62 25 19.6 9.0 7.63 25

125 1 202 838 7.38 25




Final Water Quality:

Conc » Day1 » Day2 » Day3 » Day 4 » %
(%) Rep Init °C DO pH Sal  Alive °C DO pH Sal  Alive | °C DO pH Sal  Alive | °C DO pH Sal  Allve | Survival
Control | 1 10 203 75 762 25 10 193 80 7.83 25 10 199 82 7.88 20 10 19.7 83 7.97 25 10 100

2 10 203 15 7.63 25 10 19.0 8.1 7.88 25 9 199 82 7.90 26 9 19.6 8.1 7.98 25 9 90
)
Saline| 1 10 204 75 78 25 10 190 8.1 8.13 25 10 199 8.0 8.10 25 10 19.8 8.1 8.3 25 10 100
10 203 75 79 25 10 190 82 8.14 25 10 | 200 83 8.10 25 10 19.8 8.1 8.30 25 10 100 °
156 1 10 202 4.0 7.65 25 10 190 82 7.95 25 10 20.1 84 7.92 26 10 20.1 82 7.91 25 10 100
2 10 20.1 4.0 157 25 8 190 82 7.95 25 8 20.1 8.4 7.91 26 8 20.1 83 7.92 25 8 80
313 1 10 20.1 45 7.55 25 10 190 82 7.96 25 - 10 20.0 83 7.94 26 10 203 83 7.88 25 10 100
2 10 20.1 4.5 7.54 25 10 190 8.1 197 25 10 202 83 7.96 26 10 202 83 791 25 10 100
6.25] 1 10 20.1 16 126 25 1 19.0 8.2 7.97 25 1 20.1 81 7.88 25 1 19.8 82 7.68 25 1 10
10 20.1 1.8 7.2 25 1 190 82 7.89 24 1 200 82 7.87 26 1 19.9 82 7.61 25 1 10
125 1 10 200 15 728 25 0 0
2 10 20.0 15 7.28 25 0 0
25| 1 10 20.1 10 725 25 0 0
2 10 20.1 10 7.25 25 0 0
sof 1 10 20.1 09 7.26 25 0 0
2 10 20.1 09 1.2 25 0 0
100| 1 10 20.1 08 123 25 0 0
2 10 20.1 0.8 7.24 25 0 0
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September 18, 1991

MEMORANDUM

SUBJECT: Review of American Samoan report entitled: A Preliminary
Toxicity Study of Water, Sediment, and Fish Tissues from
Inner Pago Pago Harbor in American Samoa (AEC0S, Inc:, 1991)

FROM: Brian D. Melzian, Ph.D.
Regional Oceanographer

Region IX/ERL-N

TO: Janet Hashimoto, Chief awcd Zbgh{
Marine Protection Section 7-1)
Region IX

As requested by Region IX's 0Office of Pacific Island and Native
American Programs, I have completed my review of the Pago Pago Harbor
report. I commend the American Samoan Environmental Protection Agency
(EPA) for supporting the conduct and completion of this important
study. Much useful site-specific data and information were obtained
that could be used to protect fish, shellfish, and human consumers of
fish and shellfish. However, there are some major deficiencies in
some of the data and information that should be corrected (see below).

My major conclusions, comments, and recommendations include the
following:

I. MAJOR CONCLUSIONS:

° Based on the data presented in this report (i.e., Tables 15A
and 15B, pages 22-23), it probably would be prudent to recommend
that MULLET (family Mugilidae) not be caught or eaten if they
are caught in the inner portion of Pago Pago Harbor. Both the
muscle and liver tissues of these fish were consistenly found
to be contaminated with elevated levels of CHROMIUM and LEAD.
In order to appreciate the significance of lead contamination in
the mullet, please refer to ATTACHMENT A which describes the
potential impacts of lead to fish, wildlife and humans.

I also recommend that ATTACHMENT B, entitled TOXICITY ASSESSEMENT
OF DREDGED MATERIALS: ACUTE AND CHRONIC TOXICITY AS DETERMINED

BY BIOASSAYS AND BIQACCUMULATION TESTS (Melzian, 1990) be
consulted. In particular, the sections on "action limits” and
human health risks provide information regarding international
standards and risk assessment procedures that could be used to
determine if fish or shellfish are safe to eat. Note that the
median international standard for lead [i.e., 2 ppm, wet weight
(Table 7)) was often exceeded in the mullet samples (see Table
15B).
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° It is not appropriate to compare any of the Pago Pago Harbor
results with the data and information collected in Hawaii.
This is especially true when comparing the geochemical,
mineralogical, and geomorphological data. No data or information
were included which conclusively demonstrated that the volcanic
soils on Hawaii are similar to the volcanic soils on American
Samoa. On the contrary, much geological research has shown that
the alkali basalts that dominate the upper portions of most
oceanic islands produce a much wider range of rock compositions,
as compared to the tholeiitic basalts that comprise the ocean
floors (see pages 213-218: MARINE GEOLOGY (1982); by James
Kennett; Prentice Hall). 1In addition, the geological "hot
spot” that formed the Hawaiian islands is not the same as the
volcano that formed American Samoa. Hence, the basalts on
American Samoa are probably very different than those found on
Hawaii., If the basalts are different, the concentrations of
various heavy metals in the sediments, caused by the erosion of
the native basalts, will be different.

° The methods section in this report was pcorly written. There
should have been much more discussion about the analytical
methods that were used to measure the metals and organic
chemicals in the water, sediment, and tissue samples. In
addition, all of the POLYNUCLEAR AROMATIC HYDROCARBON (PAH)
data are of very poor quality and are useless in making
environmental or human health management decisions. This is
because the reported PAH detection limits were extremely high
(i.e., up to 12,000 ppb) for the sediment and tissue samples
collected at some of the sites (see APPENDIX E). It should
have been possible to use analytical procedures that had
detection limits as low as 100 ppb (e.g. 0.100 ppm). No wonder
the samples were reported as ND (not detected)! THIS HIGH
DETECTION LIMIT PROBLEM IS A MAJOR DEFICIENCY OF THIS STUDY,
and it should be corrected in future sampling programs. Many
of the PAHs are known or suspected animal and human carcinogens
{e.g., benozo(a)pyrene], and recent research has linked PAH
concentrations in sediments to the incidence of cancer in
benthic fish and invertebrates (e.g., oysters and flounder).

° Even though the detection limits for the PCB Aroclors® measured
in the sediment and tissue samples were not as high as those
for the PAHs, they were still much higher than they should be
(see Appendix C). Again, it should have been possible to
consistently use detection limits in the 50 to 100 ppb range
(or lower) for each Aroclor, versus the 50 to 650 ppb range
reported. Since the methods section of the report was so poor,
it is impossible to tell if the high detection limit problems
were due to; 1) the use of packed Gas Chromatography (GC)
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columns versus capillary GC columns (Bfeferred); or 2) use of
terrestrial hazardous waste or Superfund-Type protocols.

If these later protocols were used, I suspect that the cleanup
procedures needed to remove such interferences as sulfur
(sediments) and lipids (tissue) were not employed. Hence, the
high detections limits.

Like some of the PAHs, PCBs are known or suspected animal

and human carcinogens; and they are known to accumulate in
sediments and bioaccumulate and biomagnify in marine food
webs. In particular, Aroclor® 1260 has a greater potential
for bioaccumulation (e.g., log Kyy = 6.91) than the other’
Aroclors measured in this study. In fact, only three (3) other
"priority pollutants” (one phthalate and two PAHs) have a
higher bioaccumulation potential. Hence, it would be prudent
to conduct additional studies to determine the areal extent
of PCBs contamination in Pago Pago Harbor sediments and
biota. To learn more about the bioaccumlation potential of
various PCB Aroclors and DDT metabolites, please refer to
ATTACHMENT C, entitled Chlorinated Hydrocarbons in Lower
Continental Slope Fish Collected near the Farallon Islands,
California (Melzian et al., 1987).

° I agree with the report's conclusion that COPPER AND ZINC exceeded
the acute and chronic WATER QUALITY CRITERIA established by EPA
and/or Hawaii. In addition, the seawater concentrations of LEAD
exceeded EPA's 4-day WQC (i.e., 5.6 ug/L) by an order of magnitude.
Also note that lead was found elevated in sediments found at
sites 3, 4, and 6 (see Table 11) ; and mullet tissues were
consistently contaminated with lead. LEAD IS A MAJOR PROBLEM
IN PAGO PAGO HARBOR.

° Even though AECOS Inc. made a honest attempt to compare the
sediment concentrations with “"baseline” sediment concentrations
found in Pago Pago Harbor, I feel that this comparison exercise
was not scientifically justified. In particular, another
major deficiency of this study was the fact that the sediment
concentrations were reported as WET WEIGHT measurements versus
DRY WEIGHT measurements (preferred). Because the water content
of sediments can differ greatly, it has become a standard
practise during the past two decades to report sediment
chemistry data in DRY WEIGHT units. Unfortunately, this was
not done (reason unkown) in this study. Because of this, it
is not possible to readily compare the sediment data found in
Table 11 with any “baseline”™ values,

ATTACHNMENT D, entitled Florida's Method for Assessing Metals
Contamination in Estuarine Sediments (June 1991) could be

used by the American Samoa EPA in the future to help identify
sediments with elevated metals contamination. This method does
not identify sediments that are toxic; instead, it aids in the
identification of sediments that may require addltlonal chemical,
biological, or toxicological assessments.
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MAJOR COMMENTS:

]

What is NFR (page 2)?
Pages 3 and 7 were missing from the report. Why?

Are the fish which are commonly found in the harbor (page 4),
also commonly caught from the harbor by recreational fishermen?
If yes, are the fish caught at or near the sites sampled?"

WHOLE FISH should not have been used in this study (page 5).
This study would have had much more scientific credibility
if muscle and liver tissue samples were resected from the
fish before the whole fish was frozen. Why? During the
freezing process, ice crystals form in the tissues of
the fish and cause the cells to lyse. As a result cross-
contamination of the tissues commonly occurs.

It is not appropriate to use the U.S. EPA classification
categories found in Table 7 (page 14). These classification
categories were developed for freshwater sediments in the Great
Lakes and they are now considered outdated.

Numerous references were not cited in the REFERENCE section.
It would have been beneficial to know where the following
references were published so I could have obtained copies,
if desired.

Table 3: Baudo and Muntau, 1990; Kennish, 1989; Bowen, 1979,
Dell'Aglio et al., 1986; and Krauskopf, 1956.

- Page 9: USEPA, 1986 & 1987.

— Page 12: Nakamura and Sherman, 1958; Shea, 1988; Giesy and
Hoke, 1990; DOH, 1978; and Jonasson and Timperley,
1975.

- Table 6: Patterson, 1971; AEC0S, 1984; and Lau et al., 1973.

- Table 7: Gambrell et al., 1983; and Thomas, 1987

- Page 15: Naval Undersea Center, 1974; Morris and Youngberg,
1972; and Youngberg, 1973.

— Page 18: Li, 1984; and Tetra Tech, 1985.

- Page 20: Jensen.and Jernelov, 1969; and Bisogni and Lawrence,
1973.
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ITI. RECOMMENDATIONS:

° Because of the detection limit problems previously discussed,

it would be appropriate to collect and.analyze additional
sediment and tissus samples for both PAHs and PCBs. This
recommendation also supports AECOS Inc.'s recommendation to
collect more sediment samples to “"pinpoint the extent and
possibly the source of PCB contamination,” and fish samples
"to determine whether inner Pago Pago Harbor uniquely has
a problem with PCB contamination”™ (page 32). )

° If additional sediment samples are collected in the future,
ACID VOLATILE SULFIDES (AVS) and TOTAL ORGANIC CARBON (TOC)
sitould be measured in each sample. Much research in recent
years has shown that the AVS in sediments control the
bioavailability of divalent metals (e.g., copper, cadmium),
and TOC controls the bioavailability of nonpolar organic
compounds such as DDTs and PCBs. In fact, EPA is now in
the process of developing draft Sediment Quality Criteria
for nonpolar organics that are based on the "Equilibrium
Partitioning Approach.” 1If desired, Region IX could provide
the appropriate analytical protocols for the measurement of
AVS and TOC in sediments,

If additional fish samples are collected in the future, the
TOTAL LIPIDS content should be determined in the individual
muscle and liver tissue samples. By doing this, the chemical
contaminant concentrations could be "normalized;” thus
facilitating comparisons between the different species of fish
caught at the different sites.

In order to protect the fishermen who may be catching

and consuming fish caught in the inner harbor, I recommend that
a fish consumption survey be initiated to determine: a) what
species are commomly caught in the harbor; b) what species

are commonly consumed; and c¢) how often the fish are caught

and consumed by individual fishermen.

In order to determine the true "baseline” concentrations of
heavy metals in American Samoa SOILS or SEDIMENTS, I recommend
that the American Samoa EPA conduct a study to determine the
concentrations of metals in soils and sediments collected in
areas of America Samoa that are known to be free, or relatively
free, of anthropogenic contaminants.

° Finally, in order to determime if EPA's national Water Quality
Criteria (WQC) for COPPER, ZINC, and LEAD are applicable to
American Samoan waters (see page 9 in the report), "site-specific”
WQC could be developed using the guidelines found in EPA's
Water Quality Standards Handbook (1983). ATTACHMENT E is
a copy of Chapter 4 from the handbook and it describes the
recalculation, indicator, and resident species procedures
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that could be used to develop WQC which reflect local
environmental conditions. Of the three procedures, the
"Indicator Species” procedure may be the most appropriate for
American Samoa. In this procedure, acute toxicity in site water
and laboratory water is determined. The difference in toxicity.
values, expressed as a water effect ratio, is used to convert
the national WQC to site-specific WQC (see ATTACHMENT E for
more details).

§S595S558558558885868§5§

Please note that many of the conclusions, comments, and
recommendations made in this memorandum were previously stated
in the memorandum I sent to the American Samoa EPA on September
28, 1990 (ATTACHMENT F). Even though some of my previous technical
concerns have been addressed since the September, 1990 memorandum,
many of them have not (e.g., detection limit problems, recommendations
to measure AVS and TOC, lipids in tissues).

If you have any questions or comments about my review, please
call me at FTS 838-6163.

ATTACHMENTS (6)

cc: (w/o Attachments)
Norb Jaworski (ERL-N)
Don Phelps (ERL-N)
Jerry Pesch (ERL-N)
Dave Hansen (ERL-N)

Loretta Barsamian (Region IX)



;? UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL RESEARCH LABORATORY
27 TARZWELL DRIVE
NARRAGANSETT, RHODE 1SLAND 02882

SEPTEMBER 4, 1992
MEMORANDUM

SUBJECT: REVIEW OF “AMERl%A_§AMDA_IQXILIIX_SIHELL_EIELD_SAMELINE
PLAN" (AveusT, 1992

.

REGIONAL OCEANOGRAPHER
Recion IX/ERL-N

T0: PAT Young
AMERICA SAMOA PROGRAM MANAGER
OFFICE OF PACIFIC ISLAND AND
NATIVE AMERICAN ProGRAMS (E-4)
REGION

FROM: BRiAN D. MeLzian, PH.D. éﬁ“’_/

AS REQUESTED, | HAVE REVIEWED THE AMERICA SAMOA SEDIMENT AND FISH
FieedD SAMPLING PLAN. OVERALL, I FEEL THAT THE PLAN 1§ WELL WRITTEN
AND SHOULD PROVIDE THE NECESSARY HIGH QUALITY DATA AND INFORMATION
NEEDED TO MAKE INFORMED MANAGEMENT AND REGULATORY DECISIONS. HOWEVER,
[ DO HAVE SOME SPECIFIC SUGGESTIONS WHICH SHOULD BE CONSIDERED, AND
IMPLEMENTED IF POSSIBLE, TO ENSURE THAT THE DATA GENERATED ARE OF
VERY HIGH QUALITY. THESE SUGGESTIONS ARE BASED ON: 1) MY EXPERIENCE

9 YEARS) IN DESIGNING AND IMPLEMENTING MARINE MONITORING PROGRAMS;

2) REVIEW OF THE ENVIRONMENTAL MONITORING AND ASSESSMENT PROGRAM (EMAP)-
VIRGINIAN ProviINcE’'s 1992 FIELD OPERATIONS MANUAL} AND 3) REVIEW OF
EPA’s LATEST DRAFT DOCUMENT ENTITLED;

° ‘F_H_{BQM:’] [%ﬁ AND AN%LES%S; A GUIDANCE DOCUMENT FOR ISSUING FISH
ADV 1ES (AueusTt, 1992):

NQTE: SECTIONS 6 & 7 OF THIS DOCUMENT PROVIDE MUCH USEFUL GUIDANCE

#

ALL OF THE suesg IONS MADE BELOW ARE GERMANE To SecTion V (FIELD
METHODS AND PROCEDURES) FOUND ON PAGE 6 OF THE SAMPLING PLAN:

° THE CORE SAMPLER USED TO COLLECT SAMPLES SHOULD BE THOROUGHLY CLEANED
wiTh ALCONOX®, oR SOME OTHER SUITABLE DETERGENT, AND RINSED WITH
FRESH CLEAN SEAWATER BETWEEN SITES.

[F POSSIBLE, ONLY THE TOP Two (2) CENTIMETERS OF EACH CORE SHOULD

BE SAMPLED FROM EACH CORE. WHY DO THIS? SEDIMENTS DEEPER THAN

TWO (2) CENTIMETERS MAY INDICATE HISTORICAL CONTAMINATION VERSUS MORE
RECENT CONTAMINATION.

° A TerFLoN® (PREFERRED) OR STAINLESS STEEL SPOON SHOULD BE USED TO TO
REMOVE THE ToP Two (2) CENTIMETERS FROM EACH CORE. DURING THIS
PROCESS, GREAT CARE SHOULD BE TAKEN TO NOT SAMPLE THE SEDIMENTS THAT
ARE AT OR NEAR THE CORE LINER OR TUBE.

B d CLBTIPFLSTIE oL 1™ THEBN ™3 bd3 Sn WO¥d SB:S1  2e61-FB-d3S
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° IN ORDER TO OBTAIN THE DESIRED SAMPLE SIZE, MORE THAN ONE CORE PER
SITE MAY NEED TO BE SAMPLED AND COMPOSITED. ALL SAMPLES SHOULD BE
STORED AND SHIPPED IN CLEAN GLASS CONTAINERS, PREFERABLY WITH TEFLON®
LINED LIDS. IF THESE LIDS ARE NOT AVAILABLE, CLEAN ALUMINUM FOIL
SHOULD BE USED TO LINE THE LIDS. ALL SAMPLES SHOULD BE FROZEN AS
SOON AS POSSIBLE, AND ALL SAMPLES SHOULD BE STORED AT =20°C uNTIL
THEY ARE ANALYZED.

° REGARDING THE FISH SAMPLES, | STRONGLY RECOMMEND THAT ALL FISH
COLLECTED BE THOROUGHLY RINSED WITH CLEAN SEAWATER TO REMOVE ANY
EXTERNAL DEBRIS. THESE FISH SHOULD THEN BE INDIVIDUALLY WRAPPED IN
CLEAN ALUMINUM FOIL. AFTER THATY, ALL FISH OF THE SAME SPECIES, AND
FROM THE SAME SAMPLING SITE, SHOULD BE PLACED INTO WATERPROOF CLEAN
PLASTIC BAGS. AS SOON AS POSSIBLE, THESE SAMPLES SHOULD BE FROZEN
AND SHIPPED TO THE LABORATORY. IF SHIPPING TO THE LABORATORY WILL
EXCEED 24 HOURS, DRY ICE SHOULD (MUST) BE USED. PLEASE SEE SECTION
6.3.2 (SAMPLE PACKAGING) AND SECTION 6.3.3 (SAMPLE PRESERVATION) IN
EPA’s DRAFT FI1sH SAMPLING GUIDANCE DOCUMENT FOR MORE DETAILS. SIMILAR
TO THE SEDIMENT SAMPLES, ALL FISH SAMPLES SHOULD BE STORED AT -20°C
UNTIL THEY ARE ANALYZED.

NOTE: To MINIMIZE THE CHANCE THAT ANY OF THE SEDIMENT AND FISH

#RE® SAMPLES WILL THAW DURING TRANSPORTATION, I STRONGLY RECOMMEND
THAT ALL SEDIMENT AND FISH SAMPLES BE STORED AND SHIPPED ON
DRY ICE. [F DONE PROPERLY, A 5=10 BLOCK OF DRY ICE IN A COOLER
WILL LAST 48 HOURS OR LONGER. RECALL THAT SOME PREVIOQUS FISH
SAMPLES THAWED BEFORE THEY REACHED THE HAWAII LABORATORY. IF
THAWING OCCURS, THE RESULTING ANALYTICAL DATA ARE VERY SUSPECT.

® PLEASE REFER TO SectioN /7 (LABORATORY PROCEDURES), SENT TO YOU
oN 9/3/92, FOR THE METHODS THAT SHOULD BE USED TO RESECT (REMOVE)
THE MUSCLE SAMPLES FROM THE FROZEN FISH AND TO PRODUCE “COMPOSITE
SAMPLES -

® FINALLY, I STRONGLY RECOMMEND THAT REPLICATE COMPOSITE SAMPLES BE
USED IN THIS STUDY FOR SCIENTIFIC AND STATISTICAL REASONS. PLEASE
REFER TO SEcTIions 6.1.1.6 (SampLE TYpPE), 6.1.2.6 (SAMPLE TYPE -
INTENSIVE STUDIES), AND 6.1.2.7 (SAMPLE REPLICATION) FOUND IN
EPA‘s DRAFT FisH SAMPLING GUIDANCE DocuMeNT (AucusT, 1992) FOR MORE

DETAILS.
PLEASE NOTE:

FRRPERRRE

REPLICAT TLY
USED SUC RISK
ASSESSME IFORNIA
DHS) FOR

THIS CONCLUDES MY LATEST “BEST PROFESSIONAL JUDGEMENT” INPUT
FOR THE AMERICA SAMOA FiIsH STUDIES. PLEASE CALL ME AT (401) 782-316%

IF YOU HAVE ANY QUESTIONS. GQO0D LUCK!!

cc: JANET HasHImoTo (RegIlon [X)
RicH PrueLr (ERL-N)
WARREN RBooTHMAN (ERL-N)
Drck LaTimer (EMAP/ERL-N)

RAY VALENTE (EMAP/ERL-N)

A - 2 IATeE, CSIr_e 0l T "aaHN TI&E HAS S W4 9@ : 9T FEET-tA—43S
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M UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
5 OFFICE OF RESEARCH AND DEVELOPMENT
PnoA‘U GUS T 20 ’ 1992 ENVIRONMENTAL RESEARCH LLABORATORY
27 TARZWELL DRIVE
MEMRAN-MM NARRAGANSETT, RHODE ISILAND 02882
SUBJECT: REVIEW OF PROPOSED ORGANIC AND INORGANIC CHEMISTRY METHODS
TO BE USED IN THE AMERICAN SAMOA FISH BIOACCUMULATION STUDY

FROM: BrRiaN D. MELzIAN, PH.D.
REG1oNAL OceEANOGRAPHER (REGION IX)
EMAP-VP (ERL-N)

TO0: RicH PRUELL, PH.D.
RESEARCH CHEMIST
ExposurRe BrancH (ERL-N)

TopAY, | RECEIVED THE ATTACHED CHEMISTRY METHODS THAT EPA’s
LAs VEGAS LABORATORY WILL BE USING DURING THE ANALYSIS OF TISSUE
SAMPLES OBTAINED FROM FISH COLLECTED IN AMERICAN SAMOA. BEFORE THIS
IMPORTANT STUDY IS UNDERTAKEN, IT IS IMPORTANT THAT MY REGIONAL OFFICE
BE ASSURED THAT THE PROPOSED METHODS ARE THE PROPER ONES TO BE USED.

I AND REGION [X WOULD GREATLY APPRECIATE IT IF YOU WOULD BRIEFLY
REVIEW THE ATTACHED METHODS TO DETERMINE IF: A) THEY ARE THE APPROPRIATE
METHODS TO BE USED IN ANALYZING FISH TISSUE; AND B) THE REPORTED
MeTHOD DETECTION LIMITS ARE REASONABLE AND FEASIBLE. IT IS OF PARAMOUNT
IMPORTANCE THAT I (WE) DETERMINE THAT THE PROPOSED METHODS ARE ADEQUATE
AND DO NOT CONTAIN ANY MAJOR INADEQUACIES OR DISCREPANCIES. I[N
ADDITION, SHOULD WE SUGGEST A SPECIFIC METHOD FOR MEASURING LIPIDS
IN FISH TISSUES? IT MAY BE APPROPRIATE TO EXPRESS THE REPORTED
CONCENTRATIONS AS NORMALIZED TO LIPID, IN ADDITION TO THE WET WEIGHT

CONCENTRATIONS.

ON ANOTHER NOTE, I RECENTLY REVIEWED EMAP’s DRAFT PROTOCOL FOR
"REMOVING MUSCLE TISSUE SAMPLES FROM FROZEN FisSH. ATTACHED IS MY
REVIEW OF THIS PROTOCOL. AS YOU CAN SEE, | BELIEVE THAT THE EXISTING
PROTOCOL IS QUITE GooD. HOWEVER, | FEEL THAT IT COULD BE IMPROVED BY
INCOROPORATING SOME OF THE LANGUAGE FOUND IN THE LASTEST DRAFT OF
EPA’S DOCUMENT ENTITLED FISH SAMPLING AND ANALYSIS: A GUIDANCE
DocuMeENT (1992). I INTEND TO SuBMIT To REcIoN IX (As “BEST PROFESSIONAL
JUDGEMENT”) A METHOD IN THE NEAR FUTURE THAT THE LAS VEGAS LABORATORY
SHOULD USE DURING THE RESECTION OF THE MUSCLE SAMPLES FROM THE AMERICAN
SAMOA FROZEN FISH.

THANK YOU IN ADVANCE FOR YOUR HELP IN THIS IMPORTANT MATTER, AND
PLEASE LET ME KNOW WHEN YOU THINK YOU CAN COMPLETE YOUR REVIEW OF THE
ATTACHED CHEMISTRY METHODS. | WOULD LIKE TO GET BACK To ReEGIoN IX

AS SOON AS POSSIBLE-.

ATTACHMENTS
cc: (w/0o ATTACHMENTS) =3 3¢?%?>—
JANET HAsHIMoTo (REZ)ON NOoRBERT JAwoRskIl (ERL-N)

PAT Youneg (REGION NorM RuBINSTEIN (ERL-N)
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M N UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Lm‘eﬁ“f REGION IX
75 Hawthorne Street
San Francisco, Ca. 94105-3901
DATE: August 17, 1992
MEMORANDUM

SUBJECT: Proposed Methods for American Samoa Bioaccumulation Study

FROM: Pat Young ]%/

American Samoa Program Manager (E-4)

TO: Brian Melzian
Regional Oceanographer
Naragansett Lab

Attached is a copy of the methods being proposed by Pat Mack, Senior
Chemist, of the Las Vegas Lab, for analysis of fish liver and tissue for the American
Samoa bioaccumulation study of Pago Pago Harbor. Ihad sent Pat a copy of the
comments you and Dave Stuart made after review of the results of the pilot study. As
Pat mentions in the last paragraph of her memo, some of the methods which were
suggested she did not feel are appropriate for fish tissue and thus the detection levels
mentioned for these tests are not achievable utilizing the presently proposed methods.

We would greatly appreciate your review of the analytical methods being
proposed. As we discussed, the Las Vegas lab does not have anystandard
procedures for extraction of the fish tissue and liver so I willforward the procedures
you willbe getting from your colleague to Pat.

If you have any technical issues which you feel should be discussed directly

with Pat, please feel free to call her at (702) 798-2117 (Fax: 702/798-2250). Thanks
again for your assistance.

I think I mentioned to you that after our discussion regarding the protocol for
spearing fish as a sampling method, Ispoke with Sheila Wiegman of ASEPA and she
confirmed that this witlmethod willonly be used with justification, i.e., all other
methods were tried and were unsuccessful.

Printed on Recycled Paper



For your information, we finally were able to have blood samples taken of
various populations in American Samoa and these are being analyzed for metals (a
total of about 210 people were sampled). The Agency for Toxic Substances and
Disease Registry is conducting the study and samples were collected in June/July.
We anticipate the report coming out within a few months; however, ifthere are any
elevated levels found, we are supposed to be informed immediately. Ifyou are
interested, I willsend you a copy of the report when itis completed.

Once again, thanks for your assistance. Call me at (415) 744-1591 ifyou have
any questions or need to discuss anything.

Attachments

& gl

cc: Janet Ha oto (w/o attachment)
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DATE: February 6, 1992

MEMORANDUM
SUBJECT: Review of Pala Lagoon Toxicity Study

TO: Janet Hashimoto, Chief (W-7-1)
Oceans and Estuaries Section

Arnold Den, Senior Science Advisor

Office of the Regional Administrator
L]
FROM: Norman L. Lovelace, Chief (E-4)3V“\W
Office of Pacific Island and Native American Programs

TNis is to request your office's assistance in reviewing the
attached report on the Pala Lagoon Toxicity Study conducted by the
American Samoa Environmental Protection Agency. This study is part
of the American Samoa Government's attempt to determine whether the
environment and fish of frequently used coastal areas are
contaminated with toxic compounds. (The study previously reviewed
by your staff of Pago Pago Harbor was part of this effort.)

Again, we would greatly appreciate any comments or
recommendations from your staff. (A risk assessment evaluation
based on this study is also being requested from your staff
Arnold.)

Regarding follow up on the Pago Pago Harbor study, it is
likely that the Agency for Toxic Substances and Disease Registry
(ATSDR) will be conducting a study to evaluate heavy metal exposure
of the population related to fish consumption. Two staff members
were in American Samoa last month on an initial site visit. A
request will also be made soon by the American Samoa Government to
the Department of Interior for funding of Phase II of the Pago Pago
Harbor and Surrounding Waters Toxicity Study.

Thank you again for your valuable assistance to American
Samoa.

Attachment

cc: Gwen Eng, ATSDR R9

Printed on Recycled Paper
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AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 In repty refer to:

OFFICE OF THE GOVERNOR
ENVIRONMENTAL PROTECTION AGENCY
Serial:23
January 30, 1992

Pat Young
American Samoa Project Manager
Office of Pacific Islands & Native

American Programs
U.S. Environmental Protection Agency
75 Hawthorne Street
San Francisco, California 94105

Dear Pat:

Enclosed is a report on the Pala Lagoon Toxicity Study. A description of the procedure and the
AECOS results are provided here. We would appreciate it if USEPA staff could review the
information, provide comments, and complete a risk assessment evaluation, if warranted. Dr.
James Walker of CDC and Gwen Eng of ASTDR are aware we have completed the testing,
though we had not fully reviewed the date when they visited Samoa. High lead levels were not
evident, though arsenic and chromium may be of concem.

I spoke with Bonnie Ponwith of the American Samoa Department of Marine & Wildlife
Resources who states people living in the Pala Lagoon area generally consume 1 meal per week
of fish from Pala Lagoon itself. She states the amount consumed is approximately one-half
pound per meal. Bonnie is now completing an analysis of fishing from this area from a year
long survey (Bonnie in her kayak at night!). Let me know if you need any further information.

We have not yet submitted the proposal for further environmental assessment for toxicity as
Governor Coleman has been off-island. A copy will be sent to you as soon as he signs it.

Tofa Soifua,

heila Wiegman

Environmental Coordinator
American Samoa Environmental
Protection Agency

cc: Environmental Coordinator, ASEPA
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LG PAGY - B REICAH SARMOA 6790 fnreply refer to:

*ala Lagoon Toxicity Testing

January 1992

Backgrovned
The American Samoa Environmental Protection Agency (ASEPA) and Department of Marine and
Wildlife Resources (DMWR) seek o determine whether toxic compounds are present in the
environment and fishery resources of frequently utilized habitats in American Simoa. A pilot
study oninner Pago Pago Harbor was completed in 1990-91 resulting in a fiv!* consumption
advisory for the arca due to high metals concentrations. Further study on a territ-ry-wide basis
is current!y being pursued.

Fishery and harvesting commonly occur in Pala Lagoon, the only large well prote-ted lagoon on
Tutvila Istand. Extensive stands of red and oriental mangroves are located along the castern and
northern shores of the Tagoon. This arca is considered important as a nursery and spawning
cround for many of the {ish and invertebrates found on the reef. Testing of commenty consumed
species from this arca was considered a priority because of its frequent use and the increasing
settlement and human use of the surrounding land arca which could contribute texic pollutants
to the area

Procedure

Species commaonly consumed and abundant enough for testing were chosen and o liected. These
species include:

Species Common Name Type of Feeder

Valamugil engeli mullet detritivore

Svila serrata crab omnivore (clams, crabs. shrimp fish)
Galrarium clam planktivore (filter feeder)

Caranx spp jacks carnivore

Upeneus viltatus goatfish/mojarra camivore (benthic invertebrates)
Liza vaigiensis mullet detritivove

Lutjanus fuluus snapper piscivivove

Liza melanoptra mullct detritivove

Specimens were collected August 9-11. 1991, Juvenile and adult fish were captured with 8
monofilament gilinets located at three stations along the northern and western shoicelines; a fyke
net was fished to the south of the gillnets near the airport (Figure 1). Crabs were collected with

. -
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5 baited wiremesh traps which were fished in the western end of the Tagoon, Al gsar was fished b

continuously for 24 hours and emptied at 6 hour intervals. Clam specimens wer + obtained by
hand digging along the northeast shorelines.

Upon recovery. all specimens (whole) were immediately placed in food grade plastic bags,
packed iniced coolers. and transported o lab freezers. On August 14, 1991, frozen specimens,
were air freighted to AECOS. Analysis for heavy metals, polychlorianted byphenyls (PCBs), and
chlorinated pesticides was completed. Petroleum hydrocarbons and volatile organic compounds
(VOCs) were not tested for. There are few sources that would yield petrolcum «ontamination
in the arca. Due to funding constraints and as VOCs were not present in inner Page Pago Harbor
sediments or fish (a worst case seenario). these were not tested in Pala Lagoon.

otudy Results

The data from ALECOS Lab is available in Attachment 1. No pesticides or PCBs v ere found int
he fish tissue. The tables included here provide a summary of the Pala Lagoon dati as compared
to the inner Pago Pago Harbor results. Table 3 contains the range of legal limits tor fish tissue
Irom around the world.

Piscussion

On the average. the metals concentrations for fish tissue in Pala Lagoon are similar to or less
than that found in inner Pago Pago Harbor,  Arsenic and chromium arc within or exceed the
Range of Legal Limits, Legal Timits are not available for nickel and silver? ‘1he chromium
concentration is at the imit or exceeded tor all species, though crab, clams, and jacks show
particularly high concentrations. Both metals posed risk for consumption of fish caught from
inner Pago Pago Harbor based on USEPA risk assessment calculations. These ¢h micals likely
result from a similar sources a1 both locations,

Recommendations

[ A riskassessment caleulation o evaluation by USEPA should be completed with
particular focus on arsenic and chromium. The USEPA evaluation may provide insight
o mterpretation of nickel and silver results.

2 The environmental sources for arsenic and chromium should be investigated and
remediated as possible. Sediment and other testing may be nccessary.
RN Any fish consumption activitics should be determined based on USEPA c¢valuation and

in conjunction with the Department of Health.

came W
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Table 1. Cosparison of Pata Lagoon and Pago Harbor far 90—91 toxicity resulits (mg/kg wet veight) tor nuscle tissue.

-~

~ —_—

e o aes .. Cc or - s L2 5] Ni AQ Zn
Pala Pago Fala Pago Pala Pago Pala Pago Paia Pago Pala Pago Pala Psgo Pala Pago Pala Pago
FISH
Mullet (Mean far 3 species) 6.71 0.G8 0.20 0.26 1.47 8B.D6 0.67 £.94 0.0¢ 3.73 0.0t 0.01 1.00 4.07 0.20 0.2 4.67 15.53
M ard cgeviation 0.2 0.0S5 6.17 0.34 9.66 .66 3.54 3.0 9.00 0.00 0.00 2.94 0.24 V.65 2.22
Snapper (Lutjamus fulvus) 0.05 0. 0.2 0.33 1.3 4.6 V.2 0.46 0.04 2.5 0.£26 0.08 1.0 4.1 6.2 0.13 4.C 12.2
Jacks (CaranxArapsis) C.4& 0.C1 0.2 0.37 27 .4 5.5 3.2 0.29 0.04 1.9 4.0w Q.05 1.0 3.3 0.2 0.15 10.9 23.0
GuatfishMojarra (Upeneus/Gerres) 0.79 0D.03 .2 0.30 2.3 33.8 0.8 1.32 0.U4 1.6 0.032 0.0 1.0 1.8 0.2 0.45 2.9 6.5
Surgeont ish (Acanttus idse spp.) 0.00 ©.20 1.9 0.61 1.1 0.56 1.3 0.25 9.3
Surgeand ish (A. xathopterus) 0.026 V.10 0.48 5.462 0.1 0.01 0.1 0.05 3.6
Mean 0.51 0.3 9.20 0.2 B.12 9.06 .47 2.2t 0.04 1.82 0.02 0.0+ 1.00 4.08 0.20 0.2 5.62 13.36
Stardard deviarion c.2?2 0.63 0.00 w.pvy %7.14 11.353 ' 0.2y 2.20 8.00 1.13 C.ul G.03 0.00 3.74 0.00 0.3 3.1 6.08
. - =0 be e
07“5“? [.Q lﬁ M0 glo—io S s S
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I, HIRATES
Ctams {(Gafrariue C(uoidcum) 1.1% 8.2 .8 1.7 0.12 .23 2.0 0.2 9.4
Crabs (Scylla serrata) 2.54 c.2 2.6 1.0 V.04 0.03 1.0 0.2 7.3
Pan ¥4 u.20 é.20 6.35 0.8 0.03 1.5 0.20 23.35
Standard deviation 0.70 .00 3.60 £.65 0.0+ c.01 0.5 0.0 13.95
ALL SPECIES
o
Fieon 0.95 0.03 0.20 0.26 7.48 9.06 2.43 2.21 0.5 1.8B2 u.03 D.U4 1.7 4<.08 0.20 0.22 11.53 13.3%6
0.78 0.02 L.09 .37 11.33 3.87 2.20 0.03 1.tx. @.0t 0.03 0.37 X.74 0.13 1.8 6.05

Standurd deviat ion
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Tabte 2. Cowparison of Pala Lagoon and Pago Harbor ¥990-91 toxicity results (mg/kg vet weight)for Liver and or tissues.
Lers (AT R VL0 As ﬁcf ol o & ?b “a Ni 2n
Fala Pago Pala Fago Pala Pago Pala Pago Pala Pago Pala Pago Pala Pago Pala Pago Pala Pago
Huliet (V.ergelifMugilidae spp.*) 1.32 0.32 0.<0 0.21 2,70 6.72 30.00 8.07 0.37 25.40 0.06 0.02 2.00 2.03 0.40 0.28 57.20 25.47
t
(Scylla serrata) 1.55 0.50 15.90 56 .20 0.04 0.03 1.00 0.20 47.70
Hojirra (Gerres spp.) 0.60 B6.40 «4.10 3.00 3.60 0.12 11.60 .40 45.70
Rean for 3 Surgeont ish species 0.32 0.28 &.73 8.5 0.90 0.28 1.53 0.z8 112.97
Jacks (Urapsis spp.) 0.37 1.30 5.50 5.50 i.40 0.6 1.20 0.70 32.90
Mcan 1.44 0.40 D.45 U.55 9.80 15.26 43.10 6.25 Q.21 7.83 D.04 .32 t.50 +4.09 0.30 D.44 S2.45 54.26
Standard cesviation .12 0.12 Q.05 J.44 7.10 3666 1Z.1D0 2.19 0.17 10.28 0.6 G.10 0.50 4.35 0.10 0.16 4.75 34.66
% Mesn of 3 Mugilidae sop. _ R [-O b =160 0.5-i¢ J.1-1.0 30— (000
ONt- 00 :
L
o



Range of Legal Limits for Metals in Fish Tissue

TABLE 3

Metal

Cd

7.

Limits (ppm)

0.1-10
()—5.5
1.0
10-100
0.5-10

0.f-1.0

30-1000)

—_—t . - A &~
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12/23/9)

Jis. Sheila Wiegman

Amercian Samoa Government
oifice of the Governcr EPA
PagoPayc, American Samoca 96799

RE: Torxicity Testing for Pala Lagoon

Dear Sheila,

e are ~ubmitting the data report and invoice for the }Vaila Lagoon
study. We are sorry it took so long to finish, but we were

having  some clean-up  probhlems with the samples to be run for
pesticides and PCBs. :

o pesticides or PChs were found in any of the samples and all

resultes are reportrd as less than the detection 1limits. All

numbers  are reportedl on a wet weight basis, as was the PagoPago
~tudy.

I you have any questions reqarding any of the

analysis, please
~all o uce.

Wie will be closed on Christmas day and New Years day.

Happy Holidays,

. . 1
..Zj-] i «_vf'/\.', Y YL ((7

Snoolkiie Mello
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JOB: 65
DATE: 1./23/91

TO: American Samoa Government EPA ATTN: Sheiln Wiegman
PROJECT: Pala Lagoon Toxicity, Study AMPLED: Aug 9 1991
RECELI"' DATE: 08/15/91 LOG NO: [5181-5188]

ASEPA BIOACCUMULATION

esticides (mg/kg wet weight)

Valamugil engeli

Mullet muscle Mullet muscle Dup. Spike
[5181] {5181] % Recovery

Aldrin ~0.008 <0.008
Alpha-BIC <0.008 <0.008
Beta-RIIC <0.015 ' <0.015
Delta-BIC ~0.008 <0.008
Lindane <0.008 <0.008
Chloriiane 20.008 <0.008
4,47DDD <0.015 ~0.015
4,4'DDE <0.015 <0.015
4,4'HDr <0.015 <0.015
Dieldrin <0.008 <0.008
Endosulfan I ~<0.008 ~<0.008
Endosulfan II <0.008 <0.008
Endosulfan

Sulfate <0.015 <0.015
Endrin <0.015 <0.015
Endrin

Aldehyde <0.015 <0.015
Heptachlor <0.008 <0.008
Heptachlorx

Epoxide <0.008 <0.008
Meno»ychlor <0.02 <0.02
Toxaphene <0.20 <0.20
Arochlor 1016 <0.12 <0.12
Arochlor 1221 <0.5 <0.5
Arochlor 1232 <0.25 <0.25
Arochlor 1242 <0.20 <0.20
Arochlor 1248 <0.12 <0.12
Arochlor 1254 ~<0.09 <0.09
Arochlor 1260 <0.08 <0.08 127%

el -
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Aldrin
Alpha-BHC
Beta-BIIC
Delta-BHC
Lindane
Chlordane
4,4’DHD
4,4’DhE
4,4'DNT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan
Sul fate
Endrin
Endrin
Aldechyde
Heptachlor
Heptachlor
Epoxide
Menox»ychlor
Toxaphene

Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260

ASEPA BIOACCUMULATION

A A

JoB HO 657
PAl./. LAGOON

Pesticides (mg/kg wet weight)

Crab muscle

<0.008
<0.008
<0).015
<0.015
<0.015
<0.008
<0.008
<0.008

<0.015
<0.015

<0.015
<0.008

<0.008
<0.02
<0.20

<0.12
<0.5

<0.25
<0.20
<0.12
<0.09
~0.08

'Sylla serrata

Crab muscle Dup
[5182]

<0.008
<0.008
<0.015
<0.008
<0.008
<0.008
<0.015
<0.015
<0.015
<0.008
<0.008
<0.008

<0.015
<0.015

<0.015
<0.008

<0.008
<0.02
<0.20

<0.12
<0.5
<0.25
<0.20
<0.12
<0.09 -
<0.08

Spike
Recovery

75%

e -
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JOI} 'HO 657 T
PAl.A LAGOON

ASEPA BIOACCUMULATION

Pesticides (my/kg wet weight)

Sylla serrata

Crab Organs & Gills Crab Organs & Gills

(5182]

Dup  [5182]

Spike
% Recover

Aldrin
Alpha-BIIC
Beta-BHC
Delta-BHC
Lindane
Chlordane
4,4'DLb
4,4'Dhn
4,4'DOY
Dieldrin
Endosulfan I
Endosul fan II
Endosulfan
Sulfate
Endrin
Endrin
Aldehyde
Heptachlor
Heptachlor
Epoxide
Menorychlor
Toxaphene

Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arxochlor 1260

<(}.06
<0.032

<0.032
<0.08
<0.8

<0.48
<2.0
<1.0
<0.8
<0.48
<0.36
~<0.32

<0.032
<0.032
<0.06
<0.032
<0.032
<0.032
<0.06
<0.06
<0.06
<0.032
<0.032
<0.032

<0.06
<0.06

<0.06
<0.032

<0.032
<0.08
<0.8

<0.48
<2.0
<1.0
<0.8
<0.48
<0.36
<0.32

91%

i

i
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v R 2 pailoa, 1 i 96734 »
JoB 1O 657 ’
: PALA\ LAGOON ;
1
i
ASEPA BIOACCUMULATION .
Pesticides (my/kg wet weight) .
Lutijanus Liza Liza Upeneus '
fulvus vaigiensis melanoptera vittatus k
Snapper Large mullet Med. mullet Goatfish L
[5783) 15184]) [5185] [5187] "
S U O U S PP
! Aldrin <0.008 <0.008 ~ <0.008 <0.008 b
Alpha-BIIC <0.008" <0.008 <0.008 <0.008 o
Beta-BlIC <0.015 <0.015 <0.015 <0.015 v
: Delta-BHC <0.008 <0.008 <0.008 <0.008 "1
g Lindane <0.008 <0.008 <0.008 <0.008 .
Chlordane <0.008 <0.008 <0.008 <0.008 )
4,4'DhD <0.015 <0.015, <0.015 <0.015 .
4,4' DR <0.015 <0.015 <0.015 <0.015 .
4,4'LDT <0.015 <0.015 <0.015 <0.015 !
Dieldrin <0.008 <0.008 <0.008 <0.008 ¥
Endo- r
sul fan I <0.008 <0.008 <0.008 <0.008 b
Endo- ’
sulfan II <0.008 ~<0.008 <0.008 <0.008 (4
Endosulfan )i
Sul fate <0.015 <0.015 <0.015 <0.015 d
Endrin <0.015 <0.015 <0.015 <0.015 £
Endrin ]
Aldehyde <0.015 <0.015 <0.015 <0.015 !
N Heptachlor <0.008 <0.008 <0.008 <0.008 ';
] Illeptachlor .
Epoxide <0.008 <0.008 <0.008 <0.008 '§
Menoxychlor <0.,02 <0.02 <0.02 <0.02 N
p Toxaphene <0.20 <0.20 <0.20 <0.20 o
: |
Arochlor .
1016 <0.12 <0.12 <0.12 <0.12 -
1221 <0.5 <0.5 €0.5 <0.5 h
1232 <0.25 <0.25 <0.25 <0.25 :
1242 <0.20 <0.20 <0.20 <0.20 :
1248 <0.12 <0.12 <0.12 <0.12 o
1254 <0.09 <0.09 <0.09 <0.09 o
1260 <0.08 <0.08 <0.08 <0.08 = -
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Aldrin
Alpha-BHC
Beta-BHC
Delta-BHC
Lindane
Chlordane
4,4'DDHD
4,4'DDE
4,4'DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan
Sulfate
Endrin
Endrin
Aldehyde
Heptachlor
Heptachlor
Epoxide
Mencoxychlor
Toxaphene

Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260

ASEPA BIOACCUMULATION

Pesticides (mg/kg wet weight)

Whole Jacks
[5188]

Caranx spp

Whole Jacks Dup
({5188]

<0.008
<0.008
<0.015
<0.008
<0.008
<0.008
<0.015
<0.015
<0.015
<0.008
<0.008
<0.008

<0.015
<0.015

<0.015
<0.008

<0.008
<0.02
<0.20

<0.12
<0.5
<0.25
<0.20
<0.12 |
<0.09
<0.08

JOB NO 657
PAl,A LAGOON

Spike
Recovery

73%

64%
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Mud Clams Dup Spike
{5186] [5186] % Recovery

Aldrin <0.008 <0.008
Alpha-BHC <0.008 <0.008
Beta-1MC <0.015 <0.015
Delta-BHC ~0.008 <0.008
Lindane ~0.008 <0.008
Chlordane ~(.008 <0.008
4,4'Dbb - 0.015 <0.015
4,4'DDE <0.015 <0.015
4,4’'1hhp <(.015 <0.015
Dieldiin <0.008 <0.008
Endosulfan I <0.008 <0.008
Endosulfan II <0.008 <0.008
Endosul fan

Sul) fate <0.015 <0.015
Endrin <0.015 <0.015
Endrin

Aldnhyde <0.015 <0.015
Heptachlor <0.008 <0.008
Heptachlor

Epoxide <0.008 <0.008
Meno:»ychlor <0.02 <0.02
Toxaphene <0.20 <0.20
Arochlor 1016 <0.12 <0.12
Arochlor 1221 <0.5 <0.5
Arochlor 1232 <0.25 <0.25
Arochlor 1242 <0.20 <0.20
Arochior 1248 <0.12 <0.12 !
Arochlor 1254 <0.09 <0.09 102%
Arochlor 1260 <0.08 <0.08

ASEPA BIOACCUMULATION

JoB NO 657
PALN LAGOON

Pesticides (my/kg wet weight)

Mud Clams

Gafrarium tumidum

e w—
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JOB NO 657
PALA LAGOON

¥
ASEPA BIOACCUMULATION %
i

Metals (my/kg wet weight)
Valamugil engeli

Mullet muécle

Mullet muscle Spike \
Blank [5181] Dup [5181] % Recovery ;
arsenic <0.05  o0.65  o.s0  3s%
Cadmitm <0.2 <0.2 <0.2 89%
Chromium <0.5 1.8 2.0 94% !
Copper <0.2 1.6 1.9 102% 3
Lead <0.04 0.04 0.12 92% ;
lMercury <0.007 0.010 0.010 123% |
Nickel <1.0 <1l.0 <1.0 84% ;
Silver <0.2 <0.2 <0.2 81% ?
Zinc <0.1 7.0 7.2 100% |
‘.
Liver Liver Dup Spikc i
{5181] {5181} Recovery z
Arsenic  1.32 1.1 780 |
Cadmitnm <0.4 <0.4 92% |
Chromium 2.7 2.5 907% }
Coppet 30.0 29.9 1057 3
Lead 0.37 0.19 91% §
Mercury 0.055 0.060. 112% 4
Nickel <2.0 <2.0 995 f
Silver <0.4 <0.4 96% g
Z2inc 57.2 59.4 100%
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JOB 1O 657
PAL/\ LAGOON

ASEPA BIOACCUMULATION

- — -

‘ llctals (mg/kg wet weight)
Sylla serrata
Crah muscle Crab muscle Dup Spile
(H182] (5182] % Rocovery
Arsenic  2.5a 281 1125
Cadmium <0.2 <0.2 90 %
Chromium 2.6 2.8 87% e
Copper 1.0 11.2 85 %
Lead <0.04 <0.04 110%
Mercuvy 0.039 _ 0.040 121%
Nickel <1.0 <1l.0 100%
Silver “0.2 <0.2 85%
N zinc 37.3 38.2 90%
Crab Organs & Crab Organs & Spike )
Gills [5182] Gills Dup [5182] % Recovery "
Arsenic 1.5 1.5 e o
Cadmium 0.5 0.4 93% %
Chromiumn 16.9 20.2 91% ;
Copper 56.2 53.7 112% ;
" Lead ~0.04 <0.04 89% %5
Mercury 0.033 0.021 ‘ 124% ?
Nickel <1.0 <1.0 101%
Silver 0.2 0.2 86%
Zinc A47.7 49.4 95% :

— e m e w7
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Arsenic
Cadmium
Chromium
\ Copper
Lead
Mercury
Nickell
Silver

Zinc

Lut-ianus
fulvus

Snapper
(5183]

<0.04
0.026
<1.0

<0.2

ASEPA BIOACCUMULATION

Metals (mg/kg wet weight)

Liza
vaigiensis

Large mullet

[5184)

<0.04
0.013

<1.0

<0.2

10

JO3 NO 657
PATA LAGOON

Liza Upeneus
melanoptera vittatus
Med. mullet Goatfish

[5185] [(5187])

0.42 0.79

<0.2 <0.2

1.6 2.3

<0.2 0.8

<0.04 <0.04

0.008 0.032

<1.0 <1l.0

<0.2 <0.2

3.6 2.9
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11" ~\°e OFFICE OF RESEARCH AND DEVELOPMENT
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ENVIRONMENTAL RESEARCH LABORATORY
1991 27 TARZWELL DRIVE

November 25 ’ NARRAGANSETT, RHODE ISLAND 02882

MEMORANDUM

SUBJECT: Transmittal of "A STUDY OF CHEMICAL CONTAMINATION OF MARINE
FISH FROM SOUTHERN CALIFORNIA: II. COMPREHENSIVE STUDY"
(September, 1991)

Al
FROM: Brian D. Melzian, Ph.D. m

Regional Oceanographer

Region IX/ERL-N

TO: Janet iﬁ%@[g& David Stuart
Marine otection Section (W-7~1)
Region

Attached, please find copies of the following documents that
describe the results of the recently completed fish contamination
study conducted by the California Environmental Protection Agency:

'*’osj/l- Two (2) copies of the September 23, 1991 press released entitled

"Toxics Warnings Issued On Some South Coast Sports Fish;"

" 2. Two (2) copies of the EXECUTIVE SUMMARY of the comprehensive

study;

It 3. Two (2) copies of the Preface, Acknowledgements, Table of Contents,

I
pu fc‘n
Sechion

L;bmr\/

and Executive Summary sections taken directly from the final report;
and

4. One (1) copy of the entire study entitled "A STUDY OF CHEMICAL
CONTAMINATION OF MARINE FISH FROM SOUTHERN CALIFORNIA: II.
COMPREHENSIVE STUDY" (September, 1991):

° Note that Region IX was cited for our assistance in the
Acknowledgements Section of this study.

° ALSO NOTE THAT THIS ENTIRE REPORT COULD BE USEFUL TO THE
AMERICAN SAMOA GOVERNMENT DURING THE DEVELOPMENT OF THE SECOND
PHASE OF THE PAGO PAGO HARBOR STUDY. In particular, note the
sections on the design of the comprehensive study, materials and
methods (e.g., Method Detection Limit Determination), QA/QC,
Statistical Analysis, and Health Evaluvation.

I recommend that Region IX send the complete study to the American
Samoan EPA to assist in the final design of their fish contamination
study. In a week or so, I will also send some additiomnal information
and recommendations that could be used during the development and
implementation of the the Pago Pago Harbor Phase II study.

If you have any questions, please call me at FTS 838-6163.
Attachments (4)

cc: Jerry Pesch (ERL-N)
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Pete Wilson James M. Strock
Governor Secretarv for Environmenial Protection

FOR RELEASE MONDAY Contact: Jerry Pollock, OEHHA
SEPTEMBER 23, 1991 ‘ 916/327-7319

Toxics Warnings Issued On Some South Coast Sports Fish

SACRAMENTO -- The California Environmental Protection Agency
today reaffirmed that some species of fish caught along the coast
between Santa Monica and Newport Bay should be consumed in
limited quantities or avoided altogether because of elevated
levels of DDT and polychlorinated biphenyls (PCBs).

The State has issued warnings on one fish species in
Southern California for six years. Today, consumption guidelines
for several fish species and sites were issued by Cal/EPA’s
Office of Environmental Health Hazard Assessment (OEHHA).

"We want to assure the public that most fish are still safe
for consumption," said James M. Strock, Secretary for
Environmental Protection. "But this study underscores the
continuing consequences of heedless environmental practices in
the past. We have made major strides toward eliminating this
marine contamination, but we must be mindful that socme
deleterious health risks remain as an unwelcome legacy."

The OEHHA guidelines resulted from a major, four-year study
of sports fish contamination along the Southern California coast.

The study identified white croaker, a bottom-feeding fish
commonly known as tom cod or kingfish, as the only species with
such high contamination that OEHHA recommends against
consumption. State warnings about white croaker have been issued
to sport fishermen annually since 1985; the fish has been banned
from commercial fishing off the Palos Verdes Peninsula since
1990.

"Eating seafood once or twice a week is beneficial for most
individuals and is a recommended part of the diet," said Dr.
Steven Book, Acting Director of OEHHA. "Anglers just need to be
careful about eating specific fish caught in certain places."

OEHHA recommends that white croaker be avoided in most areas
and that four other species--corbina, queenfish, surfperches and
sculpin--be limited to one or two meals a month.

- MORE -
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General guidelines for consuming sports fish caught in the
area also include:

e Fishing at several different locations and eating a variety
of fish to avoid the risk of eating one more highly
contaminated species from a more contaminated site;

e Trimming fat from fillets and baking or broiling fish on a
rack to reduce the intake of fat where DDT and PCBs are
stored.

Sites found in the study to be more highly contaminated
include White’s Point, Los Angeles-Long Beach harbors and
Horseshoe Kelp. Guidelines for consumption of fish caught in
these specific areas and others included in the study are being
issued, and will be printed in the 1992 edition of the California
sport fishing regulations issued by the Department of Fish and
Game.

The study by OEHHA, in cooperation with the Department of
Fish and Game, was conducted because of concerns about industrial
pollutants that were discharged or dumped into the ocean during
the 1960s and 1970s. Contaminants -- including deposits of DDT
estimated at several million pounds -- were carried into the
ocean primarily from sewage discharges, as well as from storm
drains and river drainage, waste dumping from barges and other
unidentified sources. Pollution controls such as industrial pre-
treatment programs have greatly reduced these discharges;
however, DDT and PCBs break down very slowly in the environment.

A total of 15 different species of fish were sampled, with 5
to 10 different species collected from each of 24 sites
representing areas fished by pier, private boat and party boat
anglers. Nearly 4,000 fish were sampled and approx1mately 1,000
chemical analyses were performed during the study.

FOR MORE INFORMATION:

A free summary report of the study is available from the
Office of Environmental Health Hazard Assessment, 714 P Street,
Room 460, Sacramento, CA 95814, 916/324-7572.

Copies of the full 400-page report may be purchased for $14.00
from Copies Unlimited, 5904 Sunset Boulevard, Los Angeles, CA
90028, 213/462-5532.



° Cal/EPA Office of Env. .snmental Health Hazard Assessment

Southern California Coastal Fish Advisory
Site-specific Consumption Guidelines

Site

Marina Del Rey
Huntington Beach
Fourteen Mile Bank
Laguna Beach

Redondo Beach
Emma/Eva oil platforms
Catalina (Twin Harbors)
Santa Monica Pier
Venice Pier

Venice Beach

Dana Point

Newport Pier
Redondo Pier

Belmont Pier
Pier J

Malibu Pier
Short Bank
Malibu

Point Dume

Point Vicente
Palos Verdes—Northwest

White's Point

Los Angeles/
Long Beach Harbors
{(esp. Cabrillo Pier)

Los Angeles/
Long Beach Breakwater
(ocean side)

Horseshoe Kelp

Fish Species

All species

Corbina

n

Surfperches

Queenfish

White croaker
White croaker

White croaker

White croaker

Scuplin
Rockfishes
Kelp bass

White croaker

Queenfish
Black croaker
Surfperches

White croaker
Queenfish
Surfperches
Black croaker

Sculpin
White croaker

Recommendation'

No restrictions

One meal every
two weeks

One meal every
two weeks

One meal a month

One meal every
two weeks

Do not consume
Do not consume
Do not consume
One meal every
two weeks?

Do not consume

One meal every
two weeks?

One meal 3 month?

One meal a month?

' Maximum recommended frequency; one meal is about six {6) ounces.
2 Consumption recommendation is for ail the listed species combined




Cal/EPA Office of Environmental Health Hazard Assessment

Questions about the Fish Survey and Consumption Advisory

What was the study area?

A total of 24 sites were selected, from Point Dume in northern Los
Angeles County to Dana Point in southern Orange County. Sampling
sites were chosen after consultation with experts from the Department
of Fish and Game, the U.S. Environmental Protection Agency,
consultants, and the Department of Health Services (DHS). All
collecting sites were frequently fished and were selected to represent
the three types of fishing activities: pier, private boat and party
boat fishing. '

Party and private boat sites sampled in the study were off-shore near
Point Dume, Malibu, Marina del Rey, Short Bank, Redondo Beach, Palos
Verdes (northwest side), Point Vicente, White’s Point, Emma-Eva 0Oil
Platforms, Horseshoe Kelp, Huntington Beach, Fourteen Mile Bank,
Laguna Beach, Dana Point, and Twin Harbor (Catalina); private boat
sites were located near Venice Beach and the Los Angeles-Long Beach
breakwater; piers sampled were Malibu, Santa Monica-Venice, Redondo,
Cabrillo, Pier J, Belmont, and Newport.

Which fish were sampled?

Fish species were selected for sampling in the study based on several
factors, the most important of which was the frequency of catch. Fish
species sampled in the study were Scorpaena guttata (sculpin, scorpion
fish, rattlesnake), Scorpaenidae (rockfish species, snappers),
Paralabrax nebulifer (barred sand bass, sandy), Paralabrax clathratus
(kelp bass, calico bass), Sarda chiliensis (pacific bonito, bonito),
Scomber japonicus (pacific mackerel, blue mackerel), Paralichthys
californicus (California halibut), Citharichthys sordidus (pacific
sand dab), Menticirrhus undulatus (corbina), Genyonemus lineatus
(white croaker, tom cod, kingfish), Seriphus politus (queenfish,
herring), Embiotocidae (surfperch species, perch), Sphyraena argentea
(California barracuda), Girella nigricans (opaleye, opaleye perch),
Medialuna californiensis (halfmoon, Catalina blue perch, blue perch),
and Chielotrema saturnum (black croaker, China croaker).

What pollutants were studied? )

DHS began by conducting a pilot study to identify the chemical
contaminants of concern for analysis in the comprehensive study.

These chemicals are those which on the basis of their concentration in
the fish tissues and their toxicity or cancer-causing properties
showed the ability to contribute to potential health risks and
required further study. This procedure for identifying chemicals for
inclusion in the comprehensive study was needed because of the high
cost of laboratory analyses and to determine where specialized
analytical methods would be needed. Of more than 100 chemicals

- MORE -



analyzed for in the pilot study, PCBs and DDT were found to have a
potential health risk. While some other toxic compounds were
detected, their concentrations were not found to be sufficiently high
to cause a health concern. PCBs and DDTs were therefore chosen for
analysis in the comprehensive study. Both are carcinogenic in
laboratory animals and suspected of causing cancer in humans.

Several other contaminants were also examined in the comprehensive
study: chlordane, mercury, and tributyltin. Chlordane is another
carcinogenic pesticide (like DDT) with wide domestic use and potential
for contamination. Organic mercury is an organic metal which can
cause nervous system damage, especially to the fetus. There were
concerns that it might concentrate in higher trophic level fish
species, that is, in fish higher up the food web. Tributyltin is
mainly toxic to the immune system. It was included because it is the
active ingredient of some anti-fouling paints applied to boat bottoms,
and there was concern about its concentration in fish from marinas or
other protected areas that get little flushing action. Tributyltin-
containing paints were introduced relatively recently but were banned
two years ago because of potential damage to shellfish.

What is the source of the contamination?

During the 1960s and 1970s, the discharge of industrial chemicals from
the manufacturing of pesticides and other products contaminated ocean
sediments along the coast of southern California. These contaminants
were carried into the ocean primarily from sewage discharges, as well
as from storm drains and river drainage, waste dumping from barges,
and other unidentified sources. Several million pounds of DDT alone
were estimated to have been deposited on the Palos Verdes Shelf from
sewage outfalls. Pollution control strategies, such as pre-treatment
of industrial wastewater, have greatly reduced these highly
contaminated ocean discharges. The stable nature of chemicals such as
DDT and polychlorinated biphenyls (PCBs) in the environment and their
cancer causing potential, however, have led to continuing concerns
about the health effects of consuming fish caught off this coastal
area by sports anglers.

What is the risk of eating these fish?

If the consumption guidelines are followed, the theoretical excess
cancer risk over a lifetime of consuming fish is, at most, 1 in
100,000 for DDT and 1 in 10,000 for PCB. The average lifetime risk of
cancer from all causes is about one in four.

Consumption of seafood in the diet is strongly encouraged. Regular
consumption of seafood is beneficial for most individuals and is a
recommended part of the diet. 1Individuals should consume one to two
meals per week of seafood. The consumption guidelines are not
intended to undermine the recommendation to consume seafood. The
specific advisory is in reference to the species of fish caught
locally, and if the recommendations are followed, the benefits of
consuming the seafood will most probably far exceed the potential
risks caused by exposure to chemical contaminants.
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EXECUTIVE SUMMARY

During the 1960s and 1970s, the discharge of industrial chemicals from the
manufacturing of pesticides and other products contaminated ocean sediments along the
coast of southern California. These contaminants were carried into the ocean from sewage
and refinery discharges, storm drains and river drainage, waste dumping from barges, and
other unidentified sources. Several million pounds of DDT alone were estimated to have
been deposited on the Palos Verdes Shelf from sewage outfalls. The stable nature of
chemicals such as DDT and polychlorinated biphenyls (PCBs) in the environment and their
cancer causing potential have led to concerns about the health effects of consuming fish

caught off this coastal area by sports anglers.

This report describes the results of a comprehensive study and health evaluation
(risk assessment) of chemical contaminants in sports fish species in southern California.
The study was conducted by the Office of Environmental Health Hazard Assessment
(OEHHA) and its precursor organization in the California Department of Health Services
(DHS), in cooperation with the California Department of Fish and Game, as required by

Section 23 of Chapters 1,440 of the Statutes of 198S.

The purpose of the study was to collect a large number of fish species from
representative locations in southern California, determine the concentrations of selected
chemical contaminants in edible ti_ssues, and evaluate the health significance of these levels
so that specific guidelines for safe consumption of fish taken from this area could be

developed.

Fish were collected from 24 sites in southern California, which represent areas
fished by pier, private boat, and party boat anglers. A total of 15 different species of fish
were sampled in the study, but not all 15 species were sampled at any one site. At each site

five to ten different species of fish were sampled.



Generally, 20 fisa of a single species were collected from each site. In addition,
limited analyses of contaminant concentrations and fish size were conducted at seven sites
(rockfishes and surfperches), and the effect of seasonal changes on contaminant
concentrations was examined for white croaker at Cabrillo Pier. In total, nearly 4,000 fish
were sampled in the study, and approximately 1,000 chemical analyses were performed on

composite samples from the fish.
Selection of Contaminants, Species, and Sites

DHS began by conducting a pilot study to identify the chemical contaminants of
concern for analysis in the comprehensive study. These chemicals are those which on the
basis of their concentration in the fish tissues and their toxicity or cancer-causing properties
showed the ability to contribute to potential health risks and required further study. This
procedure for identifying chemicals for inclusion in the comprehensive study was needed
because of the high cost of laboratory analyses and to determine where specialized
analytical methods would be needed. Of more than 100 chemicals analyzed for in the pilot
study, PCBs and DDT were found to have a potential health risk. While some other toxic
compounds were detected, their concentrations were not found to be sufficiently high to
cause a health concern. PCBs and DDTs were therefore chosen for analysis in the
comprehensive study. Both are carcinogenic in laboratory animals and suspected of causing

cancer in humans.

Several other contaminants were also examined in the comprehensive study:
chlordane, mercury, and tributyltin. Chlordane is another carcinogenic pesticide (like
DDT) with wide domestic use and potential for contamination. Organic mercury is an
organic metal which can cause nervous system damage, especially to the fetus. There were
concerns that it might concentrate in higher trophic level fish species, that is, in fish higher

up the food web. Tributyltin is mainly toxic to the immune system. It was included because



it is the active ingredient of some anti-fouling paints applied to boat bottoms, and there was
concern about its concentration in fish from marinas or other protected areas that get little
flushing action. Tributyltin-containing paints were introduced relatively recently but were

banned two years ago because of potential damage to shellfish.

Fish species were selected for sampling in the study based on several factors, the
most important of which was the frequency of catch. Fish species sampled in the study
were sculpin (Scorpaena guttata), rockfish species (Scorpaenidae), barred sand bass
(Paralabrax nebulifer), kelp bass (Paralabrax clathratus), pacific bonito (Sarda chiliensis),
pacific mackerel (Scomber japonicus), California halibut (Paralichthys californicus), pacific
sand dab (Citharichthys sordidus), corbina (Menticirrhus undulatus), white croaker
(Genyonemus lineatus), queenfish (Seriphus politus), surfperch species (Embiotocidae),
California barracuda (Sphyraena argentea), opaleye (Girella nigricans), halfmoon

(Medialuna californiensis), and black croaker (Chielotrema saturnum).

Sampling sites were chosen after consultation with experts from DFG, EPA,
consultants, and DHS. All collecting sites were frequently fished and were selected to

represent the three types of fishing activities: pier, private, and party boat fishing.

Party and private boat sites sampled in the study were near Point Dume, Malibu,
Marina del Rey, Short Bank, Redondo Beach, Palos Verdes (northwest side), Point
Vicente, White's Point, Emma-Eva Oil Platforms, Horseshoe Kelp, Huntington Beach,
Fourteen Mile Bank, Laguna Beach, Dana Point, and Twin Harbor (Catalina); private boat
sites were located near Venice Beach and the Los Angeles-Long Beach breakwater; piers
samp@ed were Malibu, Santa Monica-Venice, Redondo, Cabrillo, Pier J, Belmont, and

Newport.



Study Methods and Results

Generally, 20 fish of each species were collected from each site. Composite samples
for chemical analysis were prepared by combining a piece of edible tissue from 4 individual
fish and, therefore, S analyses were conducted for each group of 20 fish. In all cases, the
tissue samples taken from these fish represented edible muscle tissue. Tissue
concentrations of total DDT and its metabolites (DDE and DDD), chlordanes, and PCBs
were determined in all sampled tissues. In addition, 100 composite samples were analyzed
for mercury levels, and a single sampling of white croaker from Marina del Rey (20 fish; 5
composite analyses) was analyzed for levels of tributyitin. A comprehensive quality

assurance/quality control (QA/QC) program was also conducted as part of this study.

Total DDT (sum of DDT, DDE and DDD concentrations) detected in individual
composite samples of the fish tissues (not the average levels) ranged from non-detectable
to as high as 8,052 parts per billion (ppb) wet weight at Cabrillo Pier in white croaker.
Chlordane levels (sum of cis- and trans-chlordane and trans-nonachlor) were usually non-
detectable to as high as 65 ppb (wet wt.) for a composite sample of small surfperches from
Pier J. PCBs (sum of aroclors 1,254 and 1,260) were frequently non-detectable, and the
highest level was 3,539 ppb (wet wt.) in a sample of white croaker from Malibu. Mercury
levels ranged from below 50 ppb to 724 ppb (wet wt.) in rockfishes from White's Point.
Tributyltin levels ranged from 52 to 105 ppb (wet wt.) in the five composites of white

croaker collected within the Marina del Rey.

Numerous statistically significant differences in mean (geometric) contaminant
levels between sites were found for several fish speci'es. Generally, the most contaminated
sites appeared to be those off the Palos Verdes Peninsula and around the Los Angeles-

Long Beach Harbors.



In general, the white croaker, which is a bottom-feeding species, was the most
contaminated fish species at a site, especially if the site was highly contaminated. Other
relatively contaminated species were corbina, queenfish, surfperches, and sculpin. Bonito,
mackerel, halibut, sand dab, barracuda, opaleye, and halfmoon usually had the lowest
levels of contaminarits, although in some cases only a few sites were sampled for these

species (e.g., for opaleye, halfmoon, barracuda, and sand dab).
Health Risks

For the three carcinogenic contaminants in the study, DDTs, PCBs, and chlordane,
the potential theoretical excess cancer risks from consumption of the fish species were
estimated for all samples in which contaminant concentrations were above the method
detection limits (MDL) of the study (38 ppb for DDTs, 50 ppb for PCBs, and 3 ppb for
chlordane). Theoretical risks were estimated for a lifetime using an exposure equal to
consuming one meal per week of the species from the site (23 grams/day; equivalent to a 5
3/4 ounce meal per week). These risks ranged from 4.4 excess cases of cancer in a

population of one million (4.4 x 10'6) to 3 in 1,000 (3.0 x 10'3).

(It should be noted that the theoretical excess cancer risk for PCBs at the MDL [50
ppb] is 1x 107 and, therefore, all positive detections of PCBs result in an estimated risk

above 1x 1074.)

Chlordane levels were low in most samples and only occasionally exceeded the
MDL. Overall, chlordane did not contribute significantly to a cancer risk in any of the
species and locations sampled. Neither methylmercury nor tributyltin were found to occur
at levels of significant health concern. It is recommended that the State Mussel Watch
program continue to collect data on tributyltin levels, however, to make sure that they are

continuing to decline.



Development of Consumption Guidelines

--_ In order to provide useful guidance to anglers and consumers based on findings
from this complex study, consumption recommendations were developed using "trigger”
levels in the fish species. Recommendations are provided for species and sites which
exceeded 100 ppb of either total DDTs or PCBs or 23 ppb of total chlordane. The trigger
levels for total DDTs and chlordanes are based on excess cancer risks of about 1 in 100,000
(1x 10'5). The above-mentioned problem with the MDL for PCBs, however, prevented
setting a conservative health-based level for PCBs, since the risk at the MDL is 1 x 104,

The:trigger levels were developed specific to this study, therefore, and should not be used

in deriving standards.

Consumption recommendations are provided by fish species and by specific

geographic site. In addition, general consumption recommendations are provided.

': The QA/QC program established that the analyses were adequate, but also noted a
negative bias in the data from the contract laboratory. Overall, data from the QA/QC
laboratory (Hazardous Materials Laboratory, California Department of Health Services)
were about three times higher than the levels reported by the contract laboratory (Pacific
Analytical, Incorporated). The sources of this bias were not resolved, but the differences

are considered and accounted for in the interpretation of the data and the development of

the final recommendations.

Uncertainties in the risk assessment involve the usual orders of magnitude in
uncertainties associated with the hazard identification and dose-response methodologies in
risk assessment. The standard approach in deriving a carcinogenic potency factor (CPF)
involves extrapolating data from laboratory animals to humans, and the resulting CPF is
derived so that it does not likely underestimate risk. Therefore, use of the CPF may

overestimate actual risks, and real risks are likely to be lower.
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Uncertainties involved in the exposure assessment include the use of consumption
estimates and the chemical concentrations in the fish tissues. Accurate consumption data
are not available, but 23 grams/day is in the range of reported values for consumption by
sport anglers. In addition, the negative bias noted above in the analytical data indicates
that actual levels may be higher. On the other hand, consumption of other (less
contaminated) species would lower the risks. It was concluded that the uncertainty in the
exposure assessment ranged from an underestimate of up to 15 times to an overestimate of

17 times.

Guidance for consumption of fish caught within the study area are summarized
below. Recommendations are provided for specific sampling sites and for specific fish

species sampled in the study. In addition, general fish consumption guidance is provided.
General Dietary Recommendations

OEHHA strongly encourages consumption of seafood in the diet as a general
recommendation. Regular consumption of seafood is beneficial for most individuals and is
a recommended part of the diet. Individuals should consume one to two meals per week of
seafood. The specific guidance which follows is not intended to undermine the
recommendation to consume seafood. The specific advisory is in reference to the species
of fish caught locally, and if the recommendations are followed, the benefits of consuming
the seafood will most probably far exceed the potential risks caused by exposure to

chemical contaminants.

OEHHA also provides the following general consumption guidelines to anglers
which, in general, will result in decreased overall health risks resulting from consumption
of chemically contaminated seafood. OEHHA recommends that, in addition to the specific

guidelines, these general guidelines be followed:



1. Eat a variety of different fish species. In this way, exposure to chemical
contaminants is reduced in comparison to consumption of only a highly

contaminated species.

2. Consume fish caught from several different fishing locations. In this way,
overall exposure to chemical contaminants is reduced in comparison to
exposure to highly contaminated fish species from highly contaminated sites. In
addition, avoid exclusively fishing in the more highly contaminated areas
including White's Point, the Los Angeles-Long Beach Harbors, and Horseshoe
Kelp.

3. Trim fat from fish fillets and cook fish by baking or broiling on a rack to reduce
DDTs and PCB:s in the edible portion (DDTs and PCBs tend to concentrate in
the fatty tissues of fish). This method of preparation will not reduce

concentrations of all chemical contaminants (e.g., metals).
Site-Specific Recommendations

The following recommendations provide guidance for specific fishing locations
and species. Anglers may use these recommendations as an indication of how often to
fish in an area and/or how often to eat a specific fish species caught at a site. These
recommendations should be used with the general recommendations given above.
Details on each site and the criteria for establishing the site-specific recommendations

are presented in the body of the report.



SITE-SPECIFIC CONSUMPTION RECOM....{NDATIONS

SITE FISH SPECIES

Marina del Rey
Huntington Beach
Fourteen Mile Bank
k Laguna Beach All species
Redondo Beach
Emma/Eva oil platforms
Catalina (Twin Harbor)
Santa Monica Pier

Venice Pier

Venice Beach

Dana Point

Newport Pier Corbina

Redondo Pier -

Belmont Pier Surfperches

PierJ )

Malibu Pier Queentfish

Short Bank White croaker

Malibu White croaker

Point Dume "

Point Vicente White croaker

Palos Verdes - Northwest b

White's Point White croaker
Sculpin
Rockfishes
Kelp bass

Los Angeles/Long White croaker

Beach Harbors (esp.

Cabrilio Pier) Queenfish
Black croaker
Surfperches

Los Angeles/Long White croaker

Beach Breakwater Queenfish

(ocean side) Surfperches
Black croaker

Horseshoe Kelp Sculpin

White croaker

RECOMMENDATION

No restrictions

One meal every
two weeks

One meal a month

One meal every
two weeks

Do not consume

Do not consume

Do not consume

One meal every

two weeks +

Do not consume

One meal every
two weeks +

One meal a
month+

One meal a
month+

* One meal is about six ounces.
+ Consumption recommendation is for all the listed species combined.
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Species-Specific Recommendations

For the purpose of providing fish consumption guidance based only on a

comparison of fish species in the entire study area. the following groups were

formed:
SPECIES-SPECIFIC CONSUMPTION RECOMMENDATIONS

FISH SPECIES CONTAMINATION GROUP RECOMMENDATION’
White croaker HIGH Avoid consumption
Corbina
Queenfish MODERATE Consume not more
Surfperches than one meal every
Sculpin two weeks

Black croaker

Barred sand bass LOW Consumption not
Rock fishes restricted

Kelp bass

Bonito

Mackerei

Sand dab

Barracuda LOWEST Consumption not
Opaleye restricted
Halfmoon

Halibut

* One meal is about six ounces.
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PREFACE

This report describes the results.of a comprehensive study on fish
sampling and chemical analysis conducted by the Office of Environmental
Health Hazard Assessment (OEHHA) and its precursor organization in the
Department of Health Services (DHS) to measure 1levels of chemical
contaminants in edible tissues from fish collected in southern California.
The study was in response to Section 23 of Chapter 1440 Statutes of 1985,
which appropriated funds to the DHS "... for a one-time study, with the
cooperation of the Department of Fish and Game, of marine pollution

monitoring and health risk assessment.”

In 1985, DHS evaluated the potential health effects from eating
chemically contaminated sportfish (mainly white croaker) taken from
southern California and, based on available data, concluded that the cancer
risks from frequent consumption of the fish were excessive. As a result of
this finding, DHS issued an interim health advisory warning against
consumption of white croaker and other sportfish species in selected areas
of southern California (Appendix B-I). The advisory was interim because
the data upon which it was based were not considered adequate for a
thorough health evaluation; the data were not recent and were only for omne
species of fish. DHS recommended that additional data be collected for a

more complete evaluation.

‘To carry out this recommendation and to enable the Department to

investigate the health effects of eating contaminated marine fish, the




Director of DHS convened an interagency task force (Appendix B-II). The

task force was charged to:

1. Collate and analyze available information on fish contamination

in California‘s fresh and marine waters.

2. Identify ways to optimize the coordination of activities of

relevant agencies dealing with the chemical contamination of fish.

3. Propose possible solutions to problems relating to the chemical

contamination of fish.

In cooperation with staff from the California Department of Fish and
Game (DFG), the U. S. Environmental Protection Agency (EPA), and Tetra
Tech., Inc. (consultation funded by EPA), DHS developed a generic study
plan which was approved by the task force in 1985 (Appendix B-III). This
study plan also included a more detailed description of a study focused on

chemically contaminated sportfish in southern California.

Later, two coastal waters were selected fof study and comparison:
(1) the waters of southern California, around the Los Angeles area, and
(2) Monterey Bay. A pilot study involving fish collected from the southern
California area was conducted for the purpose of identifying chemicals of
concern to human health in edible tissues of sportfish. Chemicals of
concern are those chemical contaminants found in fish tissues at
concentrations which suggest a potential health threat and these are
considered for further evaluation in a comprehensive study. Fish species
suspected of being the most highly contaminated were collected, and their

tissues (liver and muscle) analyzed for a wide range of potential chemical
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contaminants. The results of this pilot study were described in a previous

report (DHS, 1991).

The second study, the comprehensive study, followed the pilot study
and is the subject of this report. In the comprehensive study, many
frequently caught fish species were sampled at 24 locations to determine
the concentrations in edible muscle tissue of the chemicals of concern
identified in the pilot study. The comprehensive study was designed to
provide an extensive database with the objective to perform a thorough

health evaluation.

The third study is an epidemiological study of fish consumption and
chemical contaminants in breastmilk. This study, which 1is currently in
progress, involves 160 lactating women residing in the Los Angeles area,
who provided breastmilk samples for chemical analysis and a history of fish

consumption. This study will be completed in 1991.

The fourth study in southern California is a small investigation of
the extent of chemical contaminatiﬁn of commercial fish in southern
California. The purpose of the study is to survey and summarize available
literature to provide sufficient data to design a study of the commercial
market. Although concerns have been expressed regarding levels of chemical
contaminants in commercial fish, we lacked adequate information to design a
scientifically valid study to evaluate the situation. OEHHA'S view is that
the commercial study will provide sufficient information to design a study
of qhemical contaminants in commercial fish. This is only a literature
investigation and no samples were collected and analyzed for this study

(report in preparation).
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The fifth study is of chemical contaminants in fish conducted in the
Monterey Bay area (report in preparation). The study was contracted to
DFG, and sub-contracted to the University of California at Santa Cruz. The
study included an initial pilot study which was followed by a comprehensive

study.

The studies conducted by OEHHA and DHS and described above aim to
provide adequate data to perform comprehensive health evaluations and risk
assessments, and provide useful public health guidance. The studies will
serve as models for future studies by OEHHA and the results will guide the
design of such studies. The information gathered and knowledge gained in
these studies will assist in the future design and conduct of simpler and
lesé expensive studies of other contaminated or potentially contaminated

waters of the State that are of public health significance.
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EXECUTIVE SUMMARY

During the 1960s and 1970s, the discharge of industrial chemicals
from the manufacturing of pesticides and other products contaminated ocean
sediments along the coast of southern California. These contaminants were
carried into the ocean from sewage and refinery discharges, storm drains
and river drainage, waste dumping from barges, and other unidentified
sources. Several million pounds of DDT alone were estimated to have been
deposited on the Palos Verdes Shelf from sewage outfalls. The stable
nature of chemicals such as DDT and polychlorinated biphenyls (PCBs) in the
environment and their cancer causing potential have led to concerms about
the health effects of consuming fish caught off this coastal are# by sports

anglers.

This report describes the results of a comprehensive study and health
evaluation (risk assessment) of chemical contaminants in sports fish
speciés in southern California. The study was conducted by the Office of
Environmental Health Hazard Assessment (OEHHA) and 1its precursor
organization in the Cglifornia Department of Health Services (DHS), in

~cooperation with the California Department of Fish and Game, as required by

Section 23 of Chapters 1440 of the Statutes of 1985.

The purpose of the study was to collect a large number of fish
species from representative locations in southern California, determine the
concentrations of selected chemical contaminants in edible tissues, and
evaluate the health significance of these levels so that specific
guidelines for safe consumption of fish taken from this area could be

developed.
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Fish were collected from 24 sites in southern California, which
represent areas fished by pier, private boat, and party boat anglers. A
total of 15 different species of fish were sampled in the study, but not
all 15 species were sampled at any one site. At each site 5 to 10

different species of fish were sampled.

Generally, 20 fish of a single species were collected from each site.
In addition, limited analyses of contaminant concentrations and fish size
were conducted at seven sites (rockfishes and surfperches), and the effect
of seasonal changes on contaminant concentrations was examined for white
croaker at Cabrillo Pier. In total, nearly 4000 fish were sampled in the
study, and approximately 1000 chemical analyses were performed on composite

samples from the fish.
Selection of Contaminants, Species, and Sites

DHS began by conducting a pilot study to identify the chemical
contaminants of concern for analysis in the comprehensive study. These
chemica1$ are those which on the basis of their concentration in the fish
tissues and their toxicity or cancer-causing properties showed the ability
to contribute to potential health risks and required further study. This
procedure for identifying chemicals for inclusion in the comprehensive
study was needed because of the high cost of laboratory analyses and to
determine where specialized analytical methods would be needed. Of more
than 100 chemicals analyzed for in the pilot study, PCBs and DDT were found
to'hﬁve a potential health risk. While some other toxic compounds were
detected, their concentrations were not found ;o be sufficiently high to

cause a health concern. PCBs and DDTs were therefore chosen for analysis
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in the comprehensive study. Both are carcinogenic in laboratory animals and

suspected of causing cancer in humans.

Several other contaminants were also examined in the comprehensive
study: chlordane, mercury, and tributyltin. Chlordane 1is another
carcinogenic pesticide (like DDT) with wide domestic use and potential for
contamination. Organic mercury is an organic metal which can cause nervous
system damage, especially to the fetus. There were concerns that it might
concentrate in higher trophic level fish species, that is, in fish higher
up the food web. Tributyltin is mainly toxic to the immune system. It was
included because it is the active ingredient of some anti-fouling paints
applied to boat bottoms, and there was concern about its concentration in
fish from marinas or other protected areas that get little flushing action.
Tribut&ltin-containing paints were introduced relatively recently but were

banned two years ago because of potential damage to shellfish.

Fish species were selected for sampling in the study based on several
factors, the most 1mportant'of which was the frequency of catch. Fish
species sampled in the study were sculpin (Scorpaena guttata), rockfish
species (Scorpaénidae), barred sand bass (Paralabrax nebulifer), kelp bass
(Paralabrax clathratus), pacific bonito (Sarda chiliensis), pacific
mackerel (Scomber  japonicus), | California halibut (Paralichthys
californicus), pacific sand dab (Citharichthys sordidus), corbina
(Menticirrhus undulatus), white croaker (Genyonemus lineatus), queenfish
(Seriphus politus), surfperch species (Embiotocidae), California barracuda
(Sphyraena argentea), opaleye (Girella nigricans), halfmoon (Medialuna

californiensis), and black croaker (Chielotrema saturnum).
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Sampling sites were chosen after consultation with experts from DFG,
EPA, consultants, and DHS. All collecting sites were frequently fished and
were selected to represent the three types of fishing activities: pier,

private, and party boat fishing.

Party and private boat sites sampled in the study were near Point
Dume, Malibu, Marina del Rey, Short Bank, Redondo Beach, Palos Verdes
(northwest side), Point Vicente, White’s Point, Emma-Eva 0il Platforms,
Horseshoe Kelp, Huntington 3each, Fourteen Mile Bank, Laguna Beach, Dana
Point, and Twin Harbor (Catalina); private boat sites were located near
Venice Beach and the Los Angeles-Long Beach breakwater; piers sampled were
Malibu, Santa Monica-Venice, Redondo, Cabrillo, Pier J, Belmont, and

Newport.
Study Methon and Results

Generally, 20 fish of each species were collected from each site.
Compo#ite samples for chemical analysis were prepared by combining a piece
of edible tissue from 4 individual fish and, therefore, 5 analyses were
conducted for each group of 20 fish. 1In all cases, the tissue samples

~taken from these fish represented edible muscle tissue. Tissue
concentrations of total DDT and its metabolites (DDE and DDD), chlordanes,
and PCBs were determined in all sampled tissues. In addition, 100
composite samples were analyzed for mercury levels, and a single sampling
of ‘white croaker from Marina del Rey (20 fish; 5 composite analyses) was
analyzed for levels of tributyltin. A comprehensive quality
assurance/quality control (QA/QC) program was also conducted as part of

this study.
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Total DDT (sum of DDT, DDE and DDD concentrations) detected in
individual composite samples of the fish tissues (not the average levels)
ranged from non-detectable to as high as 8052 parts per billion (ppb) wet
weight at Cabrillo Pier in white croaker. Chlordane levels (sum of cis-
and trans-chlordane and trans-nonachlor) were usually non-detectable to as
high as 65 ppb (wet wt.) for a composite sample of small surfperches from -
Pier J. PCBs (sum of aroclors 1254 and 1260) were frequently
non-detectable, and the highest level was 3539 ppb (wet wt.) in a sample of
white croaker from Malibu. Mercury levels ranged from below 50 ppb to
724 ppb (wet wt.) in rockfishes from White’s Point. Tributyltin levels
ranged from 52 to 105 ppb (wet wt.) in the five composites of white croaker

collected within the Marina del Rey.

Numerous statistically significant differences in mean (geometric)
contaminant levels between sites were found for several fish species.
Generally, the most contaminated sites appeared to be those off the Palos

Verdes Peninsula and around the Los Angeles-Long Beach Harbors.

In general, the white croaker, which is a bottom-feeding species, was
the most contaminated fish species at a site, especially if theAsite was
highly contaminated. Other relatively contaminated species were corbina,
queenfish, surfperches, and sculpin. Bonito, mackerel, halibut, sand dab,
barracuda, opaleye, and halfmoon wusually had the lowest 1levels of
contaminants, although in some cases only a few sites were sampled for

these species (e.g., for opaleye, halfmoon, barracuda, and sand dab).
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Health Risks

For the three carcinogenic contaminants in the study, DDTs, PCBs, and_
chlordane, the potential theoretical excess cancer risks from consumption
of the fish species were estimated for all samples in which contaminant
concentrations were above the method detection limits (MDL) of the study
(38 ppb foerDTs, 50 ppb for PCBs, and 3 ppb for chlordane). Theoretical
risks were estimated for a lifetime using an exposure equal to consuming
one meal per week of the species from the site (23 grams/day; equivalent to
a 5 3/4 ounce meal per week). These risks ranged from 4.4 excess cases of
cancer in a population of one million (4.4 x 10'6) to 3 in 1,000

(3.0 x 1073y,

(It should be noted that the theoretical excess cancer risk for PCBs
at the MDL [50 ppb] is 1 x 1074 and, therefore, all positive detections of

PCBs result in an estimated risk above 1 x 10'“.)

Chlordane levels were low in most samples and only occasionally
exceeded the MDL. Overall, chlordane did not contribute significantly to a
cancer risk in any of the species and 1locations sampled. Neither
methylmercury nor tributyltin were found to occur at levels of significant
health concern. It is recommended that the State Mussel Watch program
continue to collect data on tributyltin levels, however, to make sure that

they are continuing to decline.
Development of Consumption Guidelines

In order to provide useful guidance to anglers and consumers based on

findings from this complex study, consumption recommendations were
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developed using "trigger" levels in the fish species. Recommendations are
provided for species and sites which exceeded 100 ppb of either total DDTs
or PCBs or 23 ppb of total chlordane. The trigger levels for total DDTs and
chlordanes are based on excess cancer risks of about 1 in 100,000
(1 x 10'5). The above-mentioned problem with the MDL for fCBs, however,
prevented setting a conservative health-based level for PCBs, since the
risk at the MDL is 1 x 10°%. The trigger levels were developed specific to

this study, therefore, and should not be used in deriving standards.

Consumption recommendations are provided by fish species and by
specific geographic site. 1In addition, geheral consumption recommendations

are provided.

The QA/QC program established that the analyses were adequate, but
also noted a negative bias in the data from the contract 1laboratory.
Overall, data from the QA/QC laboratory (Hazardous Materials Laboratory,
California Department of Health Services) were about three times higher
than the levels reported by the contract laboratory (Pacific Analytical,
Incorporated). The sources of this bias were not resolved, but the
differences are considered and accounted for in the interpretation of the

data and the development of the final recommendations.

Uncertainties in the risk assessment involve the usual orders of
magnitude in uncertainties associated with the hazard identification and
dose-response methodologies in risk assessment. The standard approach in

deriving a carcinogenic potency factor (CPF) involves extrapolating data

from laboratory animals to humans, and the resulting CPF is derived so that




it does not likely underestimate risk. Therefore, use of the CPF may

overestimate actual risks, and real risks are likely to be lower.

Uncertainties involved in the exposure agsessment include the use of
consumption estimates and the chemical concentrations in the fish tissues.
Accurate consumption data are not available, but 23 grams/day is in the
range of reported values for consumption by sport anglers. In addition,
the negative bias noted above in the analytical data indicates that actual
levels may be higher. On the other hand, consumption of other (less
contaminated) species would lower the risks. It was concluded that the
uncertainty in the exposure assessment ranged from an underestimate of up

to 15 times to an overestimate of 17 times.

Guidance for consumption of fish caught within the study area are
summarized below. Recommendations are provided for specific sampling sites
and for specific fish species sampled in the study. In addition, general

fish consumption guidance is provided.
General Dietary Recommendations

OEHHA strongly encourages consumption of seafood in the diet as a
general recommendation. Regular consumption of seafood is beneficial for
most individﬁals and is a recommended part of the diet. Individuals should
consume one to two meals per week of seafood. The specific guidance which
follows is not intended to undermine the recommendation to consume seafood.
Tﬁe specific advisory is in reference to the species of fish caught
locally, and if the recommendations are followed, the benefits of consuming
the seaf&od will most probably far exceed the potential risks caused by

exposure to chemical contaminants.
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OEHHA also provides the folloﬁing general consumption guidelines to
anglers which, in general, will result in decreased overall health risks
resulting from consumption of chemically contaminated seafood. OEHHA
recommends that, in addition to the specific guidelines, these general

guidelines be followed:

1. Eat a variety of different fish species. 1In this way, exposure
to chemical contaminants is reduced in comparison to consumption

of only a highly contaminated species.

2. Consume fish caught from several different fishing locations. In
this way, overall exposure to chemical contaminants is reduced in
comparigon to exposure to highly contaminated fish species from
highly contaminated sites. In addition, avoid exclusively
fishing in the more highly contaminated areas including White's

Point, the Los Angeles-Long Beach Harbors, and Horseshoe Kelp.

3. Trim fat from fish fillets and cook fish by baking or broiling on
a rack to reduce DDTs and PCBs in the edible portion (DDTs and
PCBs tend to concentrate in the fatty tissues of fish). This
method of preparation will not reduce concentrations of all

chemical contaminants (e.g., metals).
Site-Specific Recommendations

The following recommendations provide guidance for specific fishing
locations and species. Anglers may use these recommendations as an
indication of how often to fish in an area and/or how often to eat a

specific fish species caught at a site. These recommendations should be
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used with the general recommendations given above. Details on each site

and the criteria for establishing the site-specific recommendations are

presented in the body of the report.
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SITE-SPECIFIC CONSUMPTION RECOMMEL, .ONS

SUE

Marina del Rey
Huntington Beach
Fourteen Mile Bank
Laguna Beach

Redondo Beach
Emma/Eva oil platforms
Catalina (Twin Harbor)
Santa Monica Pier
Venice Pier

Venice Beach

Dans Point

Newport Pier
Redondo Pier
Belmont Pier
Pier J

Malibu Pier

Short Bank

Malibu
Point Dume

Point Vicente
Palos Verdes - Northwest

white’s Point

Los Angeles/Long
8each Harbors (esp.

FisH sp

All species

Corbina
L]

Surfperches

Queenfish
white croaker

White croaker
]

White croaker
"

White croaker

Sculpin

RECOMMENDAT [N

No restrictions

One meal every

two weeks

One meal a mon

One meal every

two weeks

Do not consume

Do not consume

Do not consume

One meal every
Rockfishes two weeks+
Kelp bass

White croaker

Do not consume

Cabrillo Pier) Queenfish
Black croaker One meal every
Surfperches two weeks+
Los Angeles/Long White croaker
8each Breakwater Queenfish One meal a
(ocesn side) Surfperches month+
Black croaker
Horseshoe Kelp Sculpin One meal o
White croaker month+

th

* One meal is sbout six ounces. ‘
+ Consumption recommendation is for all the listed species combined.
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-Specific Reco d

For the purpose of providing fish consumption guidance based only
on a comparison of fish species in the entire study area, the

following groups were formed:

SPECIES-SPECIFIC CONSUMPTION RECOMMENDAT IONS

FISH SPECIES CONTAMINATION GROUP REQMENDATIQ'
White croaker HIGH Avoid consumption
Corbina

Queenfish MODERATE Consume not more
Surfperches than one meal every
Sculpin two weeks

Black croaker

Barred sand bass LowW Consumption not
Rock fishes restricted

Kelp bass

Bonito

Mackerel

Sand dasb

Barracuda LOWEST Consumption not
Opateye restricted

Hat fmoon

Hatibut

* One meal is about six ounces.
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AMERICAN SAMOA GOVERNMENT
P.O. BOX 3730
PAGO PAGO, AMERICAN SAMOA 96799

TEL: ( 684 ) 633-4456
FAX: ( 684 ) 633-5944

PETER T. COLEMAN ' HENRY SESEPASARA
Governor MEMORANDUM Director
GALEA' P, POUMELE November 9, 1991 PHILIP LANGFORD
Lt. Governor Deputy Director
TO: Sheila Wiegman, ASEPA

FROM: Bonnie J. Ponwith, DMWR
8UBJ: METHODS FOR OBTAINING FISHERY DATA

As we discussed in our phone conversation of 6 November, I am in
the process of writing a report on the results of the first year
of inshore fishery data collected in the Pago Pago Harbor area.
As the report is not yet finalized, I have compiled an abbreviated
version containing the methods used and results obtained, which
will hopefully answer any questions pertaining to the harvest and
catch levels in the inner and outer harbor.

If you need additional information or clarification, please contact
me.
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Submitted by:
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SUMMARY

A study was conducted from July 1990 to June 1990 to determine
annual effort and catch levels for the inshore reef fishery between
the villages of Lauli'ituai and Nu'uuli. Results indicate that an
estimated annual effort of 33,746 gear hours resulted in the
harvest of 147220 pounds of fish and shellfish in the study area.

906‘\—’1 ~_/RJ‘('
INTRODUCTION

Throughout their history, the people of American Samoa have relied
on fish and shellfish from the reefs surrounding their islands as
a food source. Prior to western influence, the reefs provided a
substantial portion of the protein in their diets. The gradual
shift from a subsistence base to a cash base economy has reduced
the reliance on the reef as a primary food source. With the
introduction of refrigeration and canned goods into the territory,
reef fishing has become less important for the purpose of meeting
protein requirements. At the same time, however, the Territory's
human population has increased at a significant rate, putting new
pressures on the coastal reef system in the form of the habitat
degradation.

A program was established in 1990 to monitor the inshore fishery
in a localized region of Tutuila Island, American Samoa. The
primary objective of the study was to produce estimates of catch
and effort levels for the fishery. Secondarily, analyses on sex
and age composition of the fishery participants, how much of the
catch was sold or kept and whether people fished in areas other
than: adjacent to their home village were conducted. The study was
c¢onducted in the area between Lauli'ituai and Nu'uuli, a 16-
kilometer stretch of shoreline centered around Pago Pago Harbor
(Fig. 1). The study area exhibits an extreme range of reef health,
from the relatively undisturbed setting in outer villages such as
Laulitituai, to the heavily impacted, industrialized shores of
inner Pago Pago Harbor.

Qhanges Since Previous Studies

Similar studies were conducted in approximately the same area
during 1976 (Hill 1978) and 1977-1978 (Wass 1980). Since the time
of those studies, many changes have taken place in the Territory
which might have had an impact on the fishery. For example, in
1977+78, there was an Acanthaster planci infestation on the reefs
surrounding Tutuila Island. Surveys conducted during the outbreak
showed the reefs, including the study area, to be heavily infested.
A bounty program throughout the island recovered nearly a half a
million starfish (Birkeland and Randall, n.d)

Hurricanes hit the island in 1979 and 1990, subjecting the island
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Tutuila Island, American Samoa

~Pago
Fagatogo
Utulei
Faga'alu
Matu'u
Faganeanea

Nu'uuli

AFGEHNCY

Leloaloa

Aua

Lauli'i

P.aZ

Figure 1. The study area was comprised of the villages in the 16~
km stretch between Lauli'i and Nu'uuli on Tutuila Island,

American Samoa.
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to 75 and 93 knot winds respectively. Although quantitative data
on resultant reef damage is sparse, qualitative observations
suggest that damage was incurred, particularly in the latter storm.

The reef ecosystem has also been impacted as a result of the
significant human population growth that has occurred over the last
several years (Fig. 2). Rapid development and the accompanylng
environmental degradation have affected the study area in many
ways. Coastal road improvements were protected with heavily
armored banks which encroached on the reef flat. As prime building
sites become congested, land clearing for new construction and
agriculture on steep slopes has become more common, exacerbating
the siltation problems which exist in a high-island environment.

Production 1levels at the canneries have increased, which has
increased the amount of waste the canneries must dispose. A clear
trend of increasing total phosphorous and total nitrogen levels in
the inner harbor exists over the period 1979 to 1987 (Chamberlin
et al 1989). In addition, low dissolved oxygen content due to high
nutrient levels are suspected to be the cause of the several fish
kills in the inner harbor.

A toxicity study was conducted in the Pago Pago harbor area and
the results confirmed the presence of heavy metals, PCBs and
pesticides in fish tissue samples taken from the inner harbor
(AECOS 1991). Lead concentrations in the fish tissues were high
enough (mean concentration 2.9 ppm) to warrant the issuance of a
health advisory, recommending that inner harbor fish not be eaten.

METHODS

FIELD SAMPLING

Sampling was conducted three days a week on a revolving schedule
to ensure sampling levels within the each time strata were
adequate. This structure provided a sample rate, averaged across
all time strata, of approximately 6% of all hours in the year.

In a given eight hour sampling shift, two types of data were
collected: (1) participation data, which relates to the effort
spent to harvest reef resources, and (2)catch data, the results of
the harvest efforts.

A series of four, one hour sampling sweeps were made in each
sampling shift to collect participation data. A sampling sweep
consisted of a drive from Lauli'’ituai to Nu'uuli that began on the
hour and ended within the same hour, during which all flshing
activity was noted on a part1c1patlon form. The study area is
rimmed by a two lane road from which nearly all the reef area can
be seen, making it possible to gather participation data from a

3



NOV—18—-—91 SUHN 16 136 ASG—EFA AGENCY F.aTv

100000} FIGURE 1. HUMAN
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Figure 2. Growth of the human population in American Samoa. (from
Craig, P. 1991. How many people can American Samoa
support. Guest editorial, Samoa News, Thursday, April

4 1991)
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vehicle. Side roads and pull offs were used to view areas which
were difficult to see directly from the road.

General information such as date, sampler name, and type of day
(week day/week end-holiday) were recorded along with information
specific to each observation including time, village, method,
number gear units (i.e. number of fishing tools such as rods,
spears, etc.) number of people, weather conditions and additional
comments. Typically, four sampling sweeps were made each scheduled
sampling day.

Catch data were collected opportunistically during the shifts.
Most catch sampling was done between sweeps, but if time allowed,
catches were sampled during a sweep. Catch data included date,
type of day (weekday/weekend-holiday), village, whether the trip
was concluded or in progress, time of interview, fishing method
used, number of hours fished at the time of the interview, number
of gear units (rods, nets, spears, etc.) employed, number of people
in the fishing party, whether the catch was to be sold or Kkept,
whether the trip was in the home village of the participant, the
age and sex breakdown of the fishing party, and the count and
weight of each species or species group caught. Fish were weighed
using a spring scale to the nearest ounce. Individuals were only
sampled if they had been fishing at least half an hour, and parties
that had no catch were recorded as such and included in the
computation of CPUE.

ANALYSIS METHODS

Data were punched into a database and a series of interactive,
DBase IV programs were used to expand the sample data to annual
catch and effort estimates for the study area. All effort
estimates are reported in a unit called gear-hours, rather than
the more commonly used person-hours, because it is common for a
fishing party to include people who are not actively fishing. For
example, a fishing party may consist of two people one of whom
fishes with a rod and reel while the other holds the catch. The
fishing power of that party is actually limited by the amount of
gear they have, rather than the number of people participating.
Thus, the gear-hour unit produces a more accurate estimate of
fishing power.

Expansions of participation data were made by multiplying the mean
number of gear units (fishing tools) per hour of observation by
day/night, weekday/weekend, method, and habitat by the total number
of hours of each strata there were in the year.

A CPUE value for each catch sampled was calculated by dividing the
total number of pounds caught by the product of the number of gear
units and the number of hours fished. The units for CPUE are,
therefore, pounds per gear-hour. Mean CPUE was calculated by

5
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summing the CPUE for each interview and dividing the result by the
number of interviews. Expanded catches were denerated by
multiplying the mean CPUE for each stratum by the expanded effort
estimate for each respective stratum.

Estimates of species composition were made by multiplying the
percent contribution of each species in observed catches to the
total estimated catch, by strata. -

RESULTS AND DISCUSSION
Effort, Catch and CPUE

Effort estimates are based on 495 sampling sweeps which represented
a 6% sampling rate of all hours in the study period. CPUE and
catch estimates are based on 366 interviews, which represented 1257
gear hours of effort. Estimated annual effort of 33,746 gear hours
rasulted in the harvest of 147,22 pounds of fish and shellfish in
the study area (Table 1). Fish weights are expressed as whole
fish, and shellfish weights include the shell.

Because most of the weaknesses in the study err to the low side,
both the effort and catch estimates should be treated as
conservative. Visibility is the primary factor responsible for
the bilas toward underestimation. For example, samplers have
difficulty seeing night divers who may be either too deep or too
far offshore to detected easily. Heavy rain can also affect the
samplers' ability to accurately count people fishing on the reef.

Hapdline and rod and reel methods were the most commonly used
methods and were responsible for the highest landings of the seven
methods (Fig. 3) Together, thy accounted for 71% of the total
effort and 63% of the total catch. Diving is the only other method
that contributed greater than 10% to both catch and effort totals.

Fagatogo and Utulei areas ranked highest in their contributions of
41% and 21% to total catch and 52% and 14% to total effort,
respectively (Fig. 4). This was largely due to their accessibility
to the atule schools which seasonally congregate in the harbor.
Catch and effort levels of all other villages contributed to less
than 11% to the totals.

Weekday days and nights (0601 sunday - 1800 Friday, or 79% of all
hours in a week) accounted for 69% of all effort and 82% of all
catch. 2Analysis of catch and effort by method shows that rod and
reel, handline and bamboo pole methods were used predominantly
during the night, whereas gleaning, diving, throw netting and gill
netting methods were used more during daylight hours (Fig. 5). The
high 'use of rod and reel and handline methods during the night is
attributable to their popularity as a means of harvesting atule

which are fished mainly at night. !

6
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Figure 3. Contribution to total catch (1b) and effort (gear hours)
for each fishing method based on a year long study of the
inshore fishery between the villages of Lauli'i and
Nu'uuli, American Samoa.
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Figure 4. Contribution to total catch (lb) and effort (gear hours)
for each area based on a year long study of the inshore
fishery between the villages of Lauli'i and Nufuuli,
American Samoa.
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CPUE values varied greatly among the various strata from a high of
39.8 lb/gear-hour for Matu'u gill netting to a low of zero lb/gear-
hour for Nu'uuli rod and reel fishing and Aua diving. The mean
CPUE across all strata was 3.6 lb/gear hour.

Of the seven methods sampled, gill netting had the highest CPUE,
12.2 lb/gear hour, followed by throw netting and diving (Table 2),
Handline data included a legitimate, but atypically high catch of
80 lb/gear hour for one catch. If that record were ignored, the
handline CPUE would be 1.4 lb/gear hour with a standard deviation
of 2.5.

The Matu'u area had the highest area-based CPUE (8.3 lb/gear hour).
High throw and gill netting success rates in the catches that were
sampled strongly influenced the analysis, due to an overall low
sampling rate. Utulei and Faga'alu had the next highest CPUEs, at
4.2 and 2.2 lb/gear hour respectively. High success rates for
atule fishing contributed greatly to the high CPUE at Utulei, while
high gleaning and diving success rates due to the high octopus
harvest can explain the high CPUE at Faga'alu.
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Mean CPUE by grouped sampling strata

BY DAY/NIGHT

BY METHOD

BY AREA

DAY
NIGHT

ROD & REEL
HANDLINE
BAMBOO POLE
GLEANING
DIVING
THROW NET
GILL NET

LAULI'I
AUA
LELOALOA
PAGO PAGO
FAGATOGO
UTULEI
FAGA'ALU
MATU'U
FAGANEANEA
NU'UULI

MEAN
CPUE

3.74
2.04

2.86
2.11
0.71
l1.66
2.92
4.93
12.22

1.83
2.78
3.44
3.01
2.44
4.15
3.18
8.25
3.28
3.33

11

3.32
7.93
0.67
1.86
3.25
7.35
16.92

l1.96
4.70
5.52
8.87
6.65
7.94
3.69
17.29
4.12
4.36

F. 13

[z

212
154

113
110
17
29
38
45
13

25
11
21
167
52
29

10
40
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Table 1. Annual catch (1lb) and effort (gear hours) by area and method
ROD & HAND BAMBOO THROW GILL
AREA REEL LINE POLE GLEAN DIVE NET NET TOTAL
LAULI'I CATCH 540 457 18 726 1232 95 282 3350
EFFORT 150 71 21 336 221 24 12 835
AUA CATCH 2186 445 355 498 163 1746 1446 6839
EFFORT 732 99 305 309 338 122 149 2054
LELOALOA CATCH 795 428 143 324 1956 1095 1417 6158
EFFORT 318 90 98 105 381 153 98 1243
PAGO PAGO CATCH 243 723 122 0 0 1063 115 2266
EFFORT 140 351 84 0 0 59 4 638
FAGATOGO CATCH 25251 33492 981 54 0 160 150 60088
EFFORT 5165 11957 463 16 0 12 48 17661
UTULEI CATCH 19029 2157 79 834 1488 202 7805 31594
EFFORT 2776 889 53 148 589 35 283 4773
FAGA'ALU CATCH 1746 314 68 2670 9645 1069 55 15567
EFFORT 304 66 102 831 932 159 27 2421
MATU'U CATCH 271 98 35 597 519 172 349 2041
EFFORT 69 28 56 143 116 51 4 467
FAGANEANEA CATCH 1316 62 6 396 296 352 115 2543
EFFORT 226 8 4 122 74 47 4 485
NU'UULI CATCH 3115 288 29 4877 5641 468 2356 16774
EFFORT 448 47 20 1412 1104 67 71 3169
TOTAL CATCH 54492 38464 1836 10976 20940 6422 14090 147220 )
EFFORT 10328 13606 1206 3422 3755 729 700+ 33746 O
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, Ca. 94105-3901
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October 31, 1991

MEMORANDUM

SUBJECT: Review of the Draft Design of the Second Phase of the
Pago Pago Harbor Toxicity Study

FROM: Norman L. Lovelace, Chief (E- 4)%
Office of Pacific Island and Native American Programs

TO: Janet Hashimoto, Chief (W-7-1)
Oceans and Estuaries Section

We would appreciate your staff’s assistance in reviewing the
enclosed draft design of the second phase of the toxicity study
proposed for Pago Pago Harbor in American Samoa. Dave Stuart and
Brian Melzian of your staff provided a very thorough review of
the first phase of the study which was very useful and greatly
appreciated by the American Samoa Government. Based on the in-
formation obtained in the pilot study, it was recommended that a
more thorough assessment of the contamination in the harbor be

made, which is the purpose of the present proposal. Any recom-
mendations on the design of this second phase would be ap-
preciated.

We have also forwarded a copy of this study design to Arnold
Den for his review from a risk assessment perspective.

Should you have any questions, please contact Pat Young at
extension 4-1591.

Attachments (2 copies)

Printed on Recycled Paper
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AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 In reply Fefer to:

OFFICE OF THE GOVERNOR
ENVIRONMENTAL PROTECTION AGENCY
Serial:448
Qctober 29, 1991

Norman L. Lovelace, Chief

Office of Paclfic Island and Native
American Programs

U.S. Environmental Protection Agency

Region 9

75 Hawthorne Strect

San Francisco, California 94105

Dear Norm:

Enclosed is a draft design of a toxicity study for American Samoa to follow up the pilot toxicity
study In Pago Pago Harbor. 1 request your assistance in review of this study desigs, afy futther
gencral rocommendations, and recommendations on methods for analysis and detection llmits.
We would like to begin conducting this study as soon as possible. We are presenlly delermining
the cost of the study and starting to initiate funding requests. The American Samoa Qoveritment
(ASQ) has the capability to collect samples, but we will require assistance with analysis and data
Interpretation.

I appreciate your consideration of our request. You may conlact me or Sheila Wiegman for any
questions or further information.

Sincerely,

Vo5t

Pati Faiai, Director
American Samoa Environmental
Protection Agency

cc: Peter Craig, DMWR
Lelel Peal, ASCMP J
Environmental Coordinator, ASEPA



DRAFT
30 October 1991

AMERICAN SAMOA GOVERNMENT

PAGO PAGO, AMERICAN SAMOA 96799 Inrepty rufyr tn:

PROPOSAL TO CONDUCT A TOXICITY STUDY OF
PAGO PAGO HARBOR AND SURROUNDING WATERS

PHASE 1. PILOT STUDY OF PAGO PAGO HARBOR (COMPLETED)

Because Pago Pago Harbor has had a long history of industrial and
military use, it was selected as the site of a pilot toxicity study
in 1990 to see if toxic components were present in the envitonment.
Several fish species, as well as water and sediments, were tested
for about 20 different contaminants: heavy metals, pesticides,
PCBs, oll/grease, hydrocarbons, and volatile organics.

The pilot study (AECOS 1991) and subseguent EPA review showed that
the 1lnper harbor was badly contaminated and the fish caught thera
were not safe to eat. Consequently, a public health advisory was
issued (Appendix 1), a public education effort was initiated, and
a proposed study plan for a more detailed follow-up study was
formulated (i.e., Phasse 2)}.

PHABE 2. DISTRIBUTION OF CONTAMINATED FIBH
AND SBEDIMENTS IN AMERICAN 8AMOA

Proposed Study Deslan

l. GOALS

Goals of the Phase-2 study are summarized by the need for a health
assessment (Is the health of local residents affected by tha
contamination?) and a fleld assessment (Where are the fish safa to
eat?). The following tasks address these needs:

)
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Health msgessment

Task 1. Determine blood level concentrations of lead and
other contaminants in selected age groups of peopld
living in the harbor area.

Fleld assessment

Task 2. Determine background levels of contaminants at
unpollutad "control" sites;

Task 3. Verify previous data from inner harbor and, at the
same time, provide a reference level of
contaminants by which to gauge contamination levels
at less polluted sites during the Phase-2 study!

Task 4. Determine at what distance beyond the inner harbor
that fish are safe to eat;

Task 5. Examine other coastal areas that may be polluted.
Task 1 1s not addressed in this proposal. It is being handled

separately by the American Samoa Division of Public Health with
assistance from the Center for Disease Control,

2. STUDRY PARTICIPATION AND ADMINISTRATION
This study will be conducted using island agency personnel and a
contract laboratory for sample analysis. The American Samoa

Environmental Protection Agency (ASEPA) will provide overall
project oversight. The Department of Marine and Wildlife ReScUrces
(DMWR) and American Samoa Coastal Mahagement Program (ASCMP) will
participate with ASEPA 1n decision-making through an interagency
committee, 'DMWR will be responsible for collection of f£ish and
invertebrate samples. Hiring of local fishermen and/or a locdil
coordinator for sample collection many be necessary. Usa of DMWR
boats will alsoc be needed. Sediment samples will be collscted by
ASEPA. ASEPA and DMWR will coordinate off-island shipping of
samples to the contract laboratory. ASEPA will administetr the
contract for laboratory services with technical assistance form
DMWR.
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3. SAMPLE ANALYSYS AND DATA INTERPRETATION

A contractor will be sought, through a bidding process, to complete
analysls of samples. The contractor must meet the following

requirements:

1. Provide for all test methods and detection limits as
contained in the study proposal;

2. Provide ASG with instructions on collection techniques
(including grams of tissues required for all tests), storage,
and preservation for all tests.

3. Assure the American Sapoa Government (ASG) that samples
can be safely shipped to insure sample preservation. Samples
must be promptly picked up from air terminals.

4. Provide written results of sample results as they ara
completed. A written summary of all final results with data
interpretation is required in a timely manner.

ASG will request continued assistance from the U.S. Environmental
Protection Agency and National Oceanic and Atmospharic
Administration in data interpretation and risk assessment,

4, FIELID SITE SELECTION

To address Tasks 2-5, 14 sampling sites are proposed (Fig. 1}t all
sites are in shallow waters adjacent to the shoreline:

Task 2. Determine background levels of contaminants at
unpolluted "control" sites:

Proposal: 2 control sites, one at each end of
Tutulla Island on the north side (Tula and Maloata
areas) where human activities are niihimal,
Prevailing surface water currents in our region are
westward but the possibility of nearshore counter-
currents is not known. Relatively few people live
on the north side of the island.
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Task 3. Verify previous data from inner harbor and, at thas
same time, providaea a reference lavel of
contaminants by which to gauge contamination levels
at less polluted sites during the Phase-2 study!

Proposal: 3 sites in inner harbor to insure that
a representative assessment of the inner harbor is
obtained (sediment samples would be collected at
the 3 sites, but fish would be collected ahywhetra
in the inner harbor because the area is small and
the fish are mobile).

Task 4. Determine at what distance beyond the inner harbor
' that fish are safe to eat;

Proposal: 8 sites total, 4 of which are in outer
harbor (off the villages of Aua, Anososopo, Utulel,
Faga'amlu), and 4 are outside the harbor (off tlia
villages of Matu'u, Nu'uuli, Lauliituai, Fagitua).
Due to the mobility of tha fishes and the relatively
small size of the outer harbor, more than 4 sampling
sites seems unwarranted. Outside the harbor, wa are
uncertain whether nearshore currents exist that
would carry the contaminated water from the harbor
eastward or westward along the coastline past other

' Do villages. In addition, we do not know if
contaminated harbor £ish disperse or migrate outside
the harbor.

;[ﬁ;ék 5. Examine other coastal areas that may be polluted.

Propoeal: 1 site of potential pollution at tha
village of Leone. After the harbor itself, lLeona
is the next area on the 1list of potentiall
contaminated areas (Leone has a relatively hig
population density). Pala Lagoon is also of concern
but is already being tested under another project,

5. SPECIES TO BE ANALYZED

THe “dideal 1ist of species to be analyzed would includa &
combination of 3 factors: (a) species consumed by people; (b)
species representing all trophic levels, and (c) the same spécies
at all sites. Unfortunately, we cannot select the sane spacies
from all sites because fish species occurring in the harbor difter
from those found outside the harbor. We hava therefors given

| 4

e dontract laboratory,

TG LS 5 d 3] e

Soil |samples will be obtained using the techn

provided by the contract laboratory. ‘que and containers

o
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priority to species consumed by people in the harbor area where
concern over fish toxicity is greatest. For non-harbor sites; we
have selected several widely-distributed species. See table of
speclies to be analyzed below.

Note that these are target species -- the actual species collected
for analysis will depend on the species available at the time of
sampling. The easiest to collect of the species listed below are
probably the sea cucumber (detritivore) and turban snail
(herbivore). The hardest to collect are probably the jack
(carnivore) and mullet (detritivore) because of their low density
and high mobility. The atule is an essential species because it
comprises about 50% of subsistence catches -- atule will be easy
to collect during their runs which occur April-June and August-

October.

FESRATE IS ¥

* Inner Outer Non-
harbor harbor harbor
Fish species (n=3 sites) (n=4 sites) (n=7 sites)
HERBIVORE
pelagi surgeonfish X*
dlogo surgeonfish X X
turban snail xX* X
DETRITIVORE .
mullet spp./sea cucumber x* X X
MACRO=ZOOPLANKTIVORE
atule (=bigeye scad) X* X ¥k n.a.
PISCIVORE
jacks xX* X X
No. samples 5 17 21 = 43
muscle + liver tissue analysis x2

total fish samples 86

* 1 site ohly for fish from inner harbor because area is small

#Ta A the fish move around.

** 1 site for atule because they are seasonal and highly
migratory

"?a,;gnprobably not available

sy
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6. CONTAMINANTS TO BE TESTED

The list of contaminants to be tested was determined through review
of the pilot toxicity study and by recommendations from U.S. EPA
(Region 9). VOA analysis was excluded because none was identified
in the pilot study which focused on the "worst case" situation in
inner Pago Pago Harbor. Detection limits and test methods were
recommended by U.S. EPA (Region 9).

Sediment Fish Soil

Analvsis (n=14) (n=86) (n=14) Test Method Detection Limit

-heavy metals X X X

pesticides X X EPA 608 0.002-0.24 ppb
X X EPA 608 :
X X
X X EPA 610 0.013-2.3 ppb
X X

crain size X

TOC X

Acid volatile

sulfides p'e
Total lipids X

7..FIELD PROCEDURES

or invertebrates, sediments, and soils would be analyzed

Fish samples will consist of pooled specimens (whenever possible)
collected at each site. Both liver and muscle tissues will be

"analyzed. Fish.will not be dissected in American Samoa because of

potential. contamination of samples. Instead, whole fish will be
frozén "in plastic bags as soon as possible. We assume that
analysis of samples must be completed within 2 weeks of collection!
therefore the contract laboratory must certify date of analysis.

Sediment samples will consist of 3 pooled samples taken at each
sanple site, utilizing containers and sample preservation provided
by the contract laboratory. :

Soil samples will be obtained using the technique and containers
provided by the contract laboratory.




ProYyeéét coordinator, 1 month (in kind)
Interagency monitoring and review (in kind)
Sample coordinator, 1 month 1,100
Equipment and Supplies 3,100
Subcontractors
1. Sample analysis
a. fish (86 samples @ 2000) 172,000
b. sediments (14 samples €@ 1500) 21,000
c. soil (14 samples @ 200) 2,800

Sample collection

i :sflocal fishermen ‘ 5,000

Other
Shipping 5,000
Report preparation 10,000
Sampling boats (in kind)
TOTAL $220,000

i ¢ .
I AL LR }\’ sl e e B

AECOS. 1991 A preliminary toxics scan of water, sediment,; and
' fish tissues from inner Pago Pago Harbor in American Samoa.
Prepared for American Samoa Government by AECOS, Inc. 970 N,

, 1Kalaheo Ave., Kailua, Hawaii. 75p.
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AMERICAN SAMOA GOVERNMENT

PAGO PAGO, AMERICAN SAMOA 96799 fn reply refer to:
OFFICE OF THE GOVERNOR

ENVIRONMENTAL PROTECTION AGENCY
Serial:435

October 21, 1991

Norman L. Lovelace, Chief

Office of Pacific Island & Native
American Programs

U.S. Environmental Protection Agency

Region IX

75 Hawthorne Street

San Francisco, California 94105

Dear Norm:

I would like to provide you with information in the progress of implementation of the findings
of the Pago Pago Harbor Toxicity Study. We received the final report from AECOS in
September. We met with the Department of Marine and Wildlife Resources (DMWR), the
American Samoa Coastal Management Program (ASCMP), and the Division of Public Health
(DPH) to formulate a strategy to respond to the study and risk assessment findings. The strategy
and progress to date are as follows:

1. A fish consumption health advisory was composed and approved. This has been
published in English and Samoan in the local newspapers (attached). It will be published
weekly for one month and then monthly.

2. A press release was issued from the Governor’s Office on Friday October 11, 1991 and
articles were printed in local papers the next week.

3. Two publications will be issued. One is a flyer for the general public, and the other will
be a technical bulletin for professionals and interested persons. Signs will be posted, and
presentations will be provided to outreach workers and other target groups (fishermen
associations, community groups, etc). to assist in spreading the word.

4, The Public Health Division will contact the WHO and CDC to determine the possibility
for assistance in blood lead level program.



Norman Lovelace
Page -2-

5. ASEPA and DMWR are drafting a second phase toxicity study plan for review by
USEPA and NOAA. This will be utilized to determine the cost of an expanded study and

to assist in securing funding.

I appreciate any comments you have on this approach. The assistance of USEPA staff in this
study has greatly aided American Samoa. Please pass our appreciation on to those individuals.

Sincerely,

Pati Faiai, Director

American Samoa Environmental
Protection Agency

Attachment:

cc: Pat Young, USEPA, Region IX
Jane Hashimoto, USEPA, Region IX
Brian Melzion, USEPA, ORD., Narragansatt
David Stuart, USEPA, Region IXé—-
Armold Dun, USEPA, Region IX
Environmental Coordinator, ASEPA



October 11, 1991

AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 tn raply refer t.

#%% TMPORTANT HEALTH ADVISORY FOR PAGO PAGO HARBOR ###é

BUBJECT: CONTAMINATED FISH IN HARBOR
Due to serious contamination problems in Pago Pago Harbor, we

advise all people not to eat any fish caught in the inner hatrbor
(see figure below). Fishing may continue in the outer harbor, but
fish caught there should be guttéd and cleaned before eatihg -- do
not eat whole fish taken anywhere in the harbor. Reduce or
eliminate the amount of harbor fish consumed, particularly by
children (who are at the greatest health risk).

ySLELOALOA

DO NOT EAT
FISH FROM
INNER HARBOR

ALWAYS CLEAN
FISH FROM
OUTER HARBOR

EXPLANATION: A study has shown that fish caught in the inhner
harbor are seriously contaminated with lead, other heavy metals,
and other contaminants. A health risk analysis conducted by EPA
indicates that the concentration of lead alohe may reach levels
that cause a permanent reduction in the intelligence of children
who regularly consume 3-4 meals of harbor fish per week:

While these toxic chemicals are found throughout the fish's
body, the fish's liver is particularly poisonous: Therefore, all
fish taken anywhere in the harbor should be gutted and cleaned
before eating. This includes small fish as well as large fish,

Although sampling for this study was limited to the inner
harbor, it seems probable that contamination levels are lower in
the outer harbor where there is more water exchange with clean
offshore waters. Further studies are needed to verify this.

ISSUING AGENCIES: For more information, contact:! American Samoa
Environmental Protection Agency (633-2304), Public Health bivision
(633-4623), Coastal Management Program (633-5155), or Marine and
Wildlife Resources (633-4456).




AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 In reply refer to:

OFFICE OF THE GOVERNOR
ENVIRONMENTAL PROTECTION AGENCY

Serial:442
October 25, 1991
Arnold Den
U.S. Environmental Protection Agency
Region IX

75 Hawthorne Street
San Francisco, California 94105

Dear Mr. Den:

I would like to take this opportunity to thank you and David Stuart of your staff for your review
of the Pago Pago Harbor Toxicity Study. Your comments and recommendations will be
incorporated in the follow up study. At the present time, the policy makers and public have been
informed as to the health threats from consumption of fish from Pago Pago Harbor (see attached).
Follow up efforts for testing of target populations for blood lead level and toxic compounds in
aquatic resources are now underway. Your assistance to date has been greatly appeciated.

Sincerely,
Pati Faiai, Director

American Samoa Environmental
Protection Agency

cC: David Stuart, USEPA, Region 1X,
Marine Protection Section
Norman L. Lovelace, USEPA, Region IX, OPINAP



AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMER'CAN SAMOA 96799 in reply refer to:

OFFICE OF THE GOVERNOR
ENVIRONMENTAL PROTECTION AGENCY

Serial:442
October 25, 1991

Kim-Chi Hoang

U.S. Environmental Protection Agency
Region 1X

75 Hawthorne Street

San Francisco, California 94105

Dear Mr. Hoang:

I would like to take this opportunity to thank you and David Stuart of your staff for your review
of the Pago Pago Harbor Toxicity Study. Your comments and recommendations will be
incorporated in the follow up study. At the present time, the policy makers and public have been
informed as to the health threats from consumption of fish from Pago Pago Harbor (see attached).
Follow up efforts for testing of target populations for blood lead level and toxic compounds in
aquatic resources arc now underway. Your assistance to date has been greatly appeciated.

Sincerely,

! Vi,

Pati Faiai, Director
American Samoa Environmental
Protection Agency

cC: David Stuart, USEPA, Region IX,
Marine Protection Section
Norman L. Lovelace, USEPA, Region IX, OPINAP



AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 In reply refer to:

OFFICE OF THE GOVERNOR
ENVIRONMENTAL PROTECTION AGENCY

Serial:442
October 25, 1991

Janet Hashimoto, Chief
Marine Protection Section
U.S. Environmental Protection Agency

Region IX
75 Hawthorne Street
San Francisco, California 94105

Dear Ms. Hashimoto:

I would like to take this opportunity to thank you and David Stuart of your staff for your review
of the Pago Pago Harbor Toxicity Study. Your comments and recommendations will be
incorporated in the follow up study. At the present time, the policy makers and public have been
informed as to the health threats from consumption of fish from Pago Pago Harbor (see attached).
Follow up efforts for testing of target populations for blood lead level and toxic compounds in
aquatic resources are now underway. Your assistance to date has been greatly appeciated.

Sincerely,

Pati Faiai, Director

American Samoa Environmental
Protection Agency

cc: David Stuart, USEPA, Region IX,
Marine Protection Section
Norman L. Lovelace, USEPA, Region IX, OPINAP
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OFFICE OF TIIE GOVERNOR, PAGO PAGO, AMERICAN SAMOA 96799
CONTACT: The Press Office - (684) 633-4116

October 11, 1991

"ASG ISSUES FISH CONSUMPTION ADVISORY"

The American Samoa Government (ASG) has issved a fish consumption advisory for the Pago
Pago Harhor. The advisory follows a review of the results of a pilot study on the amount of
toxic chemicals present in the seawalter, sediment and fish in the inner Pago Pago Harbor. The

health advisory warns (hat:

Pue 1o serions contamination problems in Pago Pago mbor, we advise all people not to eat any
fish caught in (he inner harthor untit fuither notice. Fishing may continue in the outer harbor, but
tish caught there should be gutted and cleancd bhefore eating -- do not eat whole fish taken
anywhere in the hmbor. Redoce or eliminate the amount of hatbor fish consumed, patticulatly

by children (who me at the greatest health risk).

The Department of  Marine and  Wildlife  Resoumces (DMWR) and  Ametican Samoa
Envitonmental Protection Agency (ASEPA), and the American Samoa Coastal Management
Program (ASCMP) completed the study. Tindings of the pilot study are that fish tested reveal
levels of the msenic, chromiun, and lead that are of concern. Risk assessment calculations by
the VLS. Envitonmental Protection Agency (USEPA) show that the high levels of tetals in fish
tissue from the inner hathor may cause adverse health effects. For example, the levels of lead
concentration are of concern for childien as health effects occur even at very low levels.
Modeling completed by the USEPA tevealed that 70%-80% of the childien could have a blood
fevel concentration such that inteHligence guotient (1Q) can be permanently and advetsely
alfected. Based on USEPA recommendations, a testing program for blood lead level is being

desipned.

Sources of toxic poftutants found in this study are most likely due to the accumulation of
contaminants from industrial, natutal, and military uses over the past century. Existing dischatges
to Pago Pago Hathor are not necessatily contributing 1o the problem. Cannery dischatges are
primatily nutriemts and show no toxic nor high metal concentrations. Further testing on other
sources may be necessary.  ASG will pursue further toxicity testing of Pago Pago Hatbor to
broaden the information available. Until the time these studies ate complete, it is recommended

that the heatth advisory be foltowed.  Fish from other tocations around ‘Tutvila Island are

considered safe for consumption.

¥y
For futther information on this Piess Release, call Sheila Wiegman of American Samoa

Fnvitonmental Protection Agency ot 633-2304,
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AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799

A#%% IMPORTANT HEALTH ADVIBORY FOR PAGO PAGO HARBOR ##+4

BUBJECT CONTAMINATED FISH IN HARBOR

" bue to serious contamination problems in Pago Pago Harbor, we
advise all people not to eat any fish caught in the inner harbor
(see figure below). Fishing may continue in the outer harbor, but
fish caught there should be gutted and cleaned before eating -- do
not eat whole fish taken anywhere 1in the harbor. Reduce or
rliminate the amount of harbor fish consumed, particularly by

children (who are at the greatest health risk).
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EXPLANATION: A study has shown that fish caught in the inner
harbor are seriously contaminated with lead, other heavy metals,
and other contaminants. A health risk analysis conducted by EPA
indicates that the concentration of lead alone may reach levels
that cause a permanent reduction in the intelligence of children
who regularly consume 3-4 meals of harbor fish per week.

While these toxic chemicals are found throughout the fish's
body, the fish's liver is particularly poisonous: Therefore,; all
fish taken anywhere in the harbor should be gutted and cleaned
before eating. This includes small fish as well as large fish.

Although sampling for this study was limited to the inner
harbor, it seems probable that contamination levels are lower in
the outer harbor where there is more water exchahge with clean
offshore waters. Further studies are needed to verify this.,
188UING AGENCIES: For more information, contact?! American Samoa
Environmental Protection Agency (633-2304), Public Health Divigion
(633-4623), Coastal Management Program (633-5155); or Marihe and

Wildlife Resources (633-4456).

tnreply rafar *.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
( prote REGION IX

75 Hawthorne Street
San Francisco, Ca. 94105 .
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MEMORANDUM

SUBJECT: Review of Pago Pago Harbor Toxicity Study

FROM: David Stuart W-7-1 D8] -
THRU Janet Hashimoto, Chief (W-7- ) y dg
Marine Protection Section

TO: Norm Lovelace, Chief (E-4)
Office of Pacific Islands and Native American Programs

The following comments are part of our section's response to
your June 7, 1991 memo regarding the Pago Pago Harbor Toxicity
Study. Dr. Brian Melzian also reviewed this toxicity study inde-
pendently. His comments are attached. '

We believe the AECOS Report is basically flawed in assuming
the validity of reference data in Hawaiian harbor sites for in-
terpreting the significance of the Pago Pago Harbor results. The
geomorphology, hydrology and anthropogenic history of the two
areas are not necessarily similar. Even if they were, the
Hawaiian harbor sites do not represent the natural ambient condi-
tions required for reference sites. A more valid approach for
comparison with the Inner Pago Pago Harbor data would be to col-
lect simultaneous data from water, sediment and fish tissue
samples at sites in the more pristine outer Pago Pago Harbor area
(e.g., between Breakers Point and Tutululu Point).

We do agree with AECOS that it is appropriate to use
Hawaii's Acute and Chronic Saltwater Quality Standards (adopted
in January 1990) for recommended heavy metal and organic compound
limiting values in tropical marine waters, such as in Pago Pago
Harbor. With few omissions, Hawaii's toxic pollutant standards
are based on EPA's 1987 revised "Quality Criteria for Water"
(WQC) (EPA 440/5-86-001). These WQC present scientific data and
guidance which are updated to reflect the latest Agency recommen-
dations on acceptable limits for aquatic life and human health

1
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"four-day average concentration limits or 24-hour average limits,
whichever is most current, as standards" (ASEPA, 1990, p. 12).
Thus, for those few compounds where Hawaii has not established
numeric limits, EPA criteria should also provide appropriate
guidance.

The real problem for this AECOS survey, however, is not so
much the use of acceptable saltwater standards/criteria, but the
ability to analyze the mediums adequately to detect levels of the
given priority pollutants contained. The following comments -
respond to specific sections of the report:

Heavy Metals in Sea Water

We do not agree that Pago Pago Harbor "sea water concentra-
tions of most of the metals were below detection limits" (AECOS,
pp. 11, 30). Using U.S. EPA-approved furnace, distillation, and
cold vapor methods (U.S. EPA, 1984. Guidelines establishing test
procedures for the analysis of pollutants. Fed. Reg. 49:43234-
43436), much lower detection limits for heavy metals can be
achijeved (i.e., in ppm: Ag-0.001, Cd-0.001, Cr-0.005, Pb-0.01,
Hg-0.0002, Ni-0.01, Zn-0.001). As the result of using detection
limits above the recommended standards/criteria, there is no real
way of knowing whether or not the mean values of Ag, Cd, Hg, Ni
in the sea water of Pago Pago Harbor exceed standards/criteria.
We do know that Cu and Zn concentrations exceeded recommended
limiting values only because detection levels were obtained at or
below the standards/criteria values for marine waters.

Heavy Metals in Sediments

We agree that heavy metal concentrations measured in Pago
Pago Harbor sediments when compared to the "informal" EPA sedi-~
ment classification (EPA, 1977) suggest that harbor sediments are
moderately to heavily polluted with As, Cr, Cu, Ni, and Zn.
However, for reasons given above, comparing these sediment values
with similar high levels of these metals in Hawaiian marine and
estuarine environments is questionable.

Heavy Metals in Fish Tissue

When compared to U.S. EPA "Water and Fish Ingestion Limits",
the results of the AECOS Pago Pago Harbor fish tissue (liver and
muscle) survey indicate potentially high body burdens of Cd, Cr,
Ni, Hg, Pb, and Zn; but when burdens in muscle tissue only are
measured, just Cr and Pb (no Ag criteria developed yet) indicate
significantly high risk. Nickel body burdens in both liver and
muscle also exceed U.S. EPA criteria for "Fish Consumption®.
Since all of the fish studied "are commonly found in the Harbor,
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and regularly caught and consumed by local residents" (AECOS, p.
4), these data are possibly the most significant findings of the
survey.

Organic Priority Pollutants in Sea Water, Sediment, Fish Tissue

AECOS tested for 19 different chlorinated pesticides, seven
different PCBs, and 16 different PAHs in seawater, sediment and
fish tissues; and 34 volatile organics in sea water and sediment
(pp. 31-33 and Appendices B through E, results of pesticides in
seawater analyses were not included). AECOS laboratory analyses
employed Method 211.100 (FDA-PAM, Vol. I) and U.S. EPA Method
8080. Unfortunately, these methods do not allow low enough
detection limits to pick up small amounts of the pesticides,
PCBs, PAHs and volatile organics. For instance, EPA's "Fish Con-
sumption and Human Health WQC" recommendations are in the range
of 0.000024 - 159 ppb for pesticides, 0.000079 ppb for PCBs, and
0.031 - 54 ppb for PAHs (established volatile organics limits
range considerably higher).

U.S. EPA Method 8080 has now been replaced by EPA Test
Method: Organochlorine Pesticides and PCBs - Method 60& (copy
enclosed). Much lower detection limits can be reached with
Method 608 for both pesticides and PCBs. For pesticides, the
range is 0.002 - 0.24 ppb, as compared to the AECOS results of
5.0 - 500 ppb. Similar lower detection levels for the seven PCBs
could probably be obtained using Method 608. PCB~1242, for in-
stance, can be detected at levels around 0.065 ppb, as compared
to the AECOS obtained detection limits of 1,000 - 3,000 ppb.

AECOS does not describe methods for analyzing for PAHs and
volatile organics. But whatever methods were used, it appears
that detection limits obtained for these compounds is also too
high: PAHs in sediments ranged from 3,500 to 7,000 ppb, in fish
muscle from 50 to 5,000 ppb, and in fish liver from 1,000 to
20,000 ppb; while volatile organics in sea water and sediment
ranged from 7.5 to 50 ppb.

For PAHs, EPA recommends using high pressure liquid
chromatography described in EPA Test Method: Polyaromatic
Hydrocarbon - Method 610 (copy enclosed), which will allow detec-
tion levels for PAHs in the range of 0.013 - 2.3 ppb. For
volatile organic compounds, EPA recommends using the analytic

techniques found in EPA Test Method: Volatile Organics - Method

601 (copy enclosed), which will allow detection levels in the
range of 0.02 - 1.18 ppb.

0il and Grease / Total Petroleum Hydrocarbons
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Tables of the actual sample results for o0il and grease and
total petroleum hydrocarbons should be included in the report.
There should also be a discussion of the reasons for the rather
high sediment o0il and grease values (300 - 7,000 ppm). Even
though there are no standards/criteria available, these are
sizable concentrations found in sediments.

Sediment Grain Size

There are good graphic representations of the sediment grain
size distributions at various sites, but no discussion of the
results.
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AMERICAN SAMOA GOVERNMEN1 o ety e o,
PAGO PAGO, AMERICAN SAMOA 96799

OFFICE OF THE GOVERNOR Serial: 451

ENVIRONMENTAL PROTECTION AGENCY

September 20, 1990

Norman L. Lovelace

Chief

Office of Pacific Island and Native
American Programs ’
U.S. Environmental Protection agency

75 Hawthorne St

San Francisco, CA 94105

Dear Mr. Lovelace:

Attached are the revised American Samoa Water Quality Standards
(ASWQS) and supporting documentation for your review and approval.
Each of the requirements listed in 40 CFR 131.6 are provided for in
the attachment except the certification by the Territorial Attorney
General that the ASWQS were duly adopted pursuant to Territorial law.
This will be submitted upon receipt.

The American Samoa Environmental Quality Commission considered the
ASWQS at a meeting held on September 7, 1990. All comments and
information submitted verbally and in writing at the April 11, 1990
public hearing and during the comment period were considered. No
changes to the proposed standards were recommended and the ASWQS were
adopted at that meeting. Please feel free to contact me if you have
ghestions or require further information.

Sincerely, Ve
. \>7 j

AN} (/(/fg\/

Pati Faiai, Exeéu ive Secretary
Environmental QbaYity Commission

cc: Env. Coordinator, ASEPA



WATER GUALITY STANDARDS (1989 Revision)

Sections:

24,0201 DPetinitions

24,0202 Folicy of Water Guality Antidegradation

24,0203 Authority

24,0204 Standards Review

24,0205 Wastewater, Septic Tanks and Cesspools

24,0206 Water Classifications—-Uses Frotected, Frohibited
24,0207 Standards of Water Guality

24,0208 Zones of Mixing

24,0209 Fermit Reguired

24,0210 Water CGiuality Certification

24,0211 Enftorcement, Compliance, and Water Guality Monitoring
24,0201 Detinitions

As used 1n this chapter and in conformance with the Federal Water
Follution Control fct FL-92-500 as amended: -

(b)

(c)

(d)

‘:a.

ambient condition" means the water quality condition that
occurs in the waters of interest when these waters are not
influenced by the proposed new activity or discharge;

"American Samoa Environmental Frotection Agency {(ASEFA)Y means
the agency responsible for carrying out the mandates of the EQC;

"discharge of a pollutant" means any addition of any pollutant to
the waters of American Samoa from any pocint sources

"embayment" means a body of water sublject to tidal action and
bounded by headlands which restrict the exchange aof water with the
cpen occean. A bay or lagoon is an embayment if the ratio of the
volume of water in the bay in (cubic feet) to the cross-sectional
area {(square feet) of the bay at the entrance is more than 700, when
determined at mean lower low water. The residence time of water in

and drainage materials which influence water
= ecosystems.

accumul at

&
embavments, as compared to open coastal areas, aliows for the
i 1
n

o

Ervironmenita

including coastal wetlands not surface—connected toc the ocean. This
inclugdes alil surface territorial waters that are noct embavments,
open coastal waters, or ocean waters;
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(g) "geometric mean" is defined as n th root of the products of C to

C in which n is the number of days samples were analyzed during the
period and C is the concentration of the parameter found on each day
of sampling.

(h) "ground water" means water in the part of the ground that includes
all subsurtace waters, basal and parabasal water, perched water,
water percalating through the unsatuwrated zone, and all saline
waters below and along the perimeter of the basal fresh water body;

(1) "light penetration depth" means the depth reached by one percent of
the sunlight incident on the surface of a body of water as measured
by a horizontal plate photometer;

(12 "matural" means free of substances or conditions, which are
attributable to the activities of man;: N
(k) "nonpoint source pollution” is defined as pollution caused by

sediments, nutriente and organic and toxic substances originating
from land use activities and/or from the atmosphere, which are
carried to receiving waters by runoff at a rate that exceeds natural

ievels.

(13 "gcean waters" means those waters that extend from the 100-—fathom
{600—fopot or 183—meter) depth contour seaward:

{m? "open coastal waters" means those waters that begin at the shoreline
and extend seaward to the 100—-fathom (600~-foot or 183-meter) depth
contour from mean lower low water. This category includes small
baye with good water movement which do not gqualify as embayments.

{n? "Fago Fago Harbor" is defined as landward of a line drawn from
Miuloa Foint to Breaker ‘= Foint;

{al "Fala Lagoon" is defined that body of water inside a line drawn from
the eastern most point of the airport to the nearest part of Coconut
Foint;

ip: Yperson' means any individual, partnership, firm, state, federal
government., associaticn, municipality. public er private
corporation, subdivieion or agency of the territory. trust. estzte
oy any other lsgal entity or interstate bodys

Loyl "moint csource' means any discernible. confined. and disc
convevance including., but not 1limited to., any pipe. ditc
tunnel, conduit. well. discrete ftisswe., container. roll
concentrated animal fesding operation, or vessei or other floating

cratt, from which pollutants are or may be discharged:



(r)

(s)

"pollutant" means dredged spoil, sediment, solid waste, petroleum
product, incinerator residue, sewage, garbage, sewage sludge,
munition, chemical waste, biological material, radioactive material,
heat, wrecked or discarded equipment, rock, sand, excavated
material, or industrial, municipal, and agricultural waste
discharged into water;

"pollution" means the manmade or man induced alteration of the
physical, chemical, biological, or radiological condition of
territorial waters;

(t? “process waste water" means any water which comes into direct
contact with or results from the production or use of any raw
material, intermediate product, finished product, by product, or
waste product during manufacturing or processing operations;

() "receiving water"” means any water body receiving a pollutant;

(vl "territorial waters" means waters of the United States as defined in
40 CFR 1Z22.Z, that are located within the jurisdiction of the
territory:

(w) "zone of mixing" means any water body receiving water around & point
source within which specific modifications of applicable water
guality standards are permitted by the EGC.

24,0202 Folicy of Water fGuality Deagradation

a) It shall be the policy of the Environmental Guality Commission (EQC)
that .existing water uses and level of water quality necessary to -
protect existing uses shall be maintained and protected. No further
water quality degradation which would interfere with or become
injuriocus to these existing uses is allowable. Existing uses are
those usecs actually attained in the water body on or aftter November
“8, 1975, whether or not they are included in the water quality
standard.

(b1 Waters whose existing guality exceeds levels necessary to support

(Ci

propagation of fish, shellfish, and wildlife and recreation in and
on the water shall be maintained and protected unless and until the
EGC finds. after full satisfaction of the intergovernmental
coordinating and public provisions contairned in the Environmental
Cuality &t (Title Z4., ASCAY that allowing lower water quality is
nECESSary wccommodate i1mportant economic or social development in
the area 1n which the waters are located. In no event., however . may
degradatiaon of water cuality intertere with or become i1iniuwrious to
exlsting uses. implementation of the antidegradaticon policy shall
tte 1n =sccordance with all existing rules and regulations including
those on septic tanks, special management areas, and American Samoa
Coastal Management Frogram policies.

Hu 1]
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No further degradation shall be allowed in high quality waters which
constitute an ocutstanding public resource or in waters of
exceptional recreational or ecological significance. Waters which
receive this protection shall be classified as unique waters by the

ISR SN

ol .
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(d) No further degradation shall be allowed in any water body which
would destroy the critical habitat for a threatened or endangered
species which is historically or presently known to be associated
with such waters. These water bodies will be clascsified as unique
bv the EGQC.

(e} The EGC may permit or approve limited degradaticon only in accordance
with ‘'Guidance on Implementing the Antidegradation Revisions of 40
CFR 131.12, U.S. Environmental Frotection Agency, Region 9, June 3,
1987. Frior to granting limited degradation privileges, the EGC
shall determine that the proposed level of water guality is adequate
to protect existing uses and that there has been achieved and shall
continue to be achieved:

(1} the highest statutory and regulatory requirements for all new
or existing point sources;

(2} feasible management of regulatory programs in accordance with
Section 208 of the Clean Water Act: and

{(3) all cost-effective and reasonable best management practices for
nonpoint source control.

(3 In those cases where potential water quality impairment associated
with a thermal discharge is involved, nothing in these regulations
or their implementation shall be inconsistent with Section 316 of
the Clean Water Act.

24,0203 Authority

These standards of water quality and the classification of the waters of
the Territory of American Samoa, according to their present and future
beneficial uses. have been prepared acs required by the Federal Water
Follution Control Act of 1972, as amsnded, and in accordance with the
territorial Environmental Guality éGct, 24.0101 through 24.0169 ASCA.

240204 Standards Review
The ECGC may review the standards codified in this chapter or develop

additiconal water quality standards which may be based upon measw ements of
selected physical, biclogical, and chemical indicators for the water=s of

the territoryv. The EGC will review existing standards at least ance every
three wvesars.
24, 0205 Wastewater Discharges. Septic Tanks

(a} Any public or private development which would constitute & source of
pollution to territorial waters is reguired to provide the degree o+
waste treatment and/or operational practices necessary to preserve
the guality of these waters.

(b Septic tank siting, construction, and operation shall be governed by
sublic health rules, water quality standards, building codes., and
zewer svetem use requlatiaons.

4



24,0206 Water Classifications—Uses Frotected, Frohibited.
(a) Fresh Surface Waters

(1) All fresh surface waters are to remain in as nearly their
natural state as possible. Fresh surface waters are designated
for public or domestic water supply and =hall be protected and
preserved so they meet National Frimary Drinking Water
Regulations (NFDWR) and those in the Fublic Health Drinking
Water Standards which are not superseded by NFDUWR.

-
b3
~

There shall be no discharges of treated or untreated sewage,
industrial wastes, or other material attributable to the
activities of man into fresh surface waters.

(Z) Frotected uses for fresh surface water.
(A) Fotable water supply;
(B) The support and propagation of agquatic life and wildlife;
) fiesthetic enjoyment:; and
(D) Compatible recreation in and on the water; e.g. fishing.

{(4) Frohibited uses include but are not limited to:
(A} Rathing, as well as washing clothes and dishes;
(B} Foint—-source discharges;
(C) Animal pens over or adjacent to any impoundment or stream
(25. 1604 ASCA);
(D) Dead animal disposal (25.1606 ASCA);
(E) Dredging and filling activities;
(F) .Hazardous and radioactive waste discharges; and
(G} Dumping of solid waste.

(S) Zones of mixing will not be permitted in fresh. surface waters.
(b) Ground Waters

(1) All ground waters are to remain in as nearly their natural
state as possible. Ground waters are designated for public or
damestic water supply and shall be protected and preserved so
they meet NFDWR and those FPublic Health Drinking Water
Standards which are not superseded by NFPOWR.

(2} There shall be no discharges of treated or untreated sewage.
inaustrial wastes., or other material attributable to the
activities of man into territorial ground waters which have
rnaturally occuring salinity of less than 10,000 mgsl. This
shall include any activities in which dischargss occcur on l
or above the around water table which could potentially
contaminate underlving ground waters, except septic tanmks sited
and constructed as approved by the Division ot Fublic Health
and the Wastewater Division of the American Samoca Fower
Authority.

]



(3)

4)

Frotected uses for ground waters
(R) Fotable water supply

Frohibited uses include but are not limited to:

(R) Foint-source discharges into ground waters of less than
10,000 mg/l salinitys

(BY Discharges from animals pensg

(C) Hazardous and radioactive discharges, and P?ﬁ-

(D) HNonpoint source pollution. KO

{c) Embayments

(1)

F

All embavments are to remain in as nearly their natural state
as possible.

Fago Fago Harbor: Fago Fago Harbor has been designated by the
American Samoa Government to be developed into a transhipment
center for the South Facific. HRecognizing its unique position
as an embayment where water quality has been degraded from the
natwal condition, the EEC has establicshed a separate set of
standards +or Fago Fago Harbor.

(A} Frotected uses for Fago Fago Harbor

(I} Recreational and subsistence fishing;

(II) Boat—-launching ramps and designated mooring areas:

(111) Subsistence food gathering:; e.g. shellfish
harvesting:

(IV) Aesthetic enjoyment;

(V) UWhole and limited body—-contact recreation, e.qg.
swimming, snorkeling, and scuba diving;

(V1) Support and propagation of marine life;

(VII) Industrial water supply;

(WIIl) Mari—-culture development:

(Ix) Normsl harbor activities; e.g. ship movementes,
docking, loading and unloading, marine railways and
floating drydocke:; and

{X) Scientific investigations.

(B} FProhibited uses include but are not limited to:

Dumping or discharge of solid waste:

Animeal pens over or adiacent to any shoreline

(251804 A5CH 5

{111} Dredging and filliﬁg activities: except as approved
bv the EGC i1n accordance with the Environmental
buality fct (Title 24, ASCAHI

IV) Hazardous and radioacive waste discharges; and

(V) Dishcarge of oil sludge, o0il refuse, fuel oil, or
bilge water, or any other waste water from any vessel
or unpermitted shoreside facility (Z20.1714 AS8CAH).

[t
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(C) Zones of mixing will be allowed in Fago Pago Harbor by EGC
permit oniy. No zones of mixing will be allowed within S00
feet of Goat Island Foint or beneath this surface area to the
bottom of the harbor.

Special embayments

(A) Fagatele Bay is designated as marine sanctuary by the
Department of Commerce because of pristine water quality,
remote location: and rich underwater resources. Therefore, the
EQC has assigned specific water quality standards to prohibit
any reduction in water quality in the bay. v

(E) Fala Lagoon: Fala Lagocn is a shallow embayment that is
important as a breeding ground for the marine life of the
territory. It has been designated by the American Samoa
Coastal Management Flan as a special area. Therefore, the EGC
has also classified the Fala Lagoon as a special embavment.

(C)H Frotected uses:

(I} Recreational and subsistence fiching;
(I1) Subsistence food gathering, e.g. shellfish harvesting;
(IT1) Aesthetic enjoment:
(IV) Whole and limited bodv-contact recreation, e.q. swimming,
snorkeling, surfing, and scuba diving;

(V) Support and propagation of marine life;
(V1) Mari—-culture development, and
(VII). Scientific investigations.

(D) Frohibited uses include but are not limited to:

(I Dumping or dicecharge of sclid or industrial waste
material;
(I1) Animal pens over or adiacent to any shoreline (£5.1604

ASCAY .
(I11) Dredging and filling activities, except when permitted by
the EGC.
(VI Hazardous and radicactive waste discharges: and
(W) Discharge of oil =sludge, cil retfuse, fuel cil. or biligs
: water., or anv other waste water from any vessel or
unpermitted shorecside facilaity (20,1714 ASCAY.
(£} Zones of mixing will not be allowed in Fala bLagoon or Fagatele

i
u
o
13

Other Embayvments: &
Fago Fago Harbor. Fa
cateqgory.

ii
la Lagocn, and Fagatele BHay are inciuded 1in this



(A) Protected uses:

(I) Recreational and subsistence tishing;
(II) Boat-launching tamps and designated mooring areaj;
(II1) Subsistence food gathering: e.g. shellfish harvesting:

(VI) Aesthetic enjovment:

(V) Whole and limited body—contact recreation, e.g., bathing,
swimming, snorkeling, surfing, and scuba diving;

(V1) Support and propagation of marine lifte; and

(VI1) Mari—-culture development

(R) Frohibited uses include but are not limited to:

(1) Dumping or discharge of solid or industrial waste
material;

(11} Animal pens over or adiacent to any shoreline (24,1604
ASCA) ?

(II1I) Dredging and filling activities, except when permitted toc
provide compliance with water qgquality standards;

(V1) Hazardous and radioactive waste discharges:; and

(V) Discharge of oil sludge, oil refuse, fuel o0il, or bilge

water from any vessel or shoreside facility (20.1714 ASCA)

(C) Zones of mixing will be allowed in the embayments included in
this paragraph by EGLC permit only.

d) Open Coastal Waters.

(1) Frotected uses: . o . . o o
(A) Commercial, subsistence, and recreational fishing;

(B) Scientific investigations;

(C} Whole and limited body—contact recreation., e.g..
swimming, snorkeling, surfing, and scuba diving:;

(D) Harbors and boat-launching ramps;
(E) Commercial and recreational boatings

{(F} The support and propagation of marine life: and

IREN Aesthetic snioyment
(2} Frohibited uses inciude but are not limited to:
{4) Of+shore cil recovery

te

"

(B) Dumping or discharge of solid or industrial wa
material;



(C) Discharge of o0il sludge, 0il refuse, fuel o0il, or
bilgewaters, or any other waste water from any vessel or
unpermitted shoreside facility (20.1714 ASCA);

(D) Animal pens over any bay, ocean, or other body of
freshwater or saltwater (24.1604 ASCA);

(E) Dredging and filling activities except when permitted by
the EQC in accordance with Environmental Guality Act Title
24; and

(F) Hazardous and radioactive waste discharges.

(G) No point source discharges will be permitted in Manu’'a off
Ufu Fark and between Ofu Fark and the O0fu-0losega Eridge
within 1,000 feet of the bridge.

(e) Ocean Waters.
(1) Frotected uses:

(A) Commercial, subsistence., and recreational fishinag;

(B} Gcientific investigations;

(C) Commercial and recreational boating;

(D) The support and propagation of marine life;

(E) Aesthetic éhjoyment;randv

(F)} Whole or limited bodv—contact recreation.

(£} Frohibited uses include but are not limited to:

(A} Discharge of o0il sludge, o0il refuse, fuel o0il, or bilge
waters, or any other waste water from any vessel (Z20.1714
ASCA) 3

{B} Dumping of solid or industrial waste materials without an

EF& ocean dumping permit, except where permitted by
exclusions in the federal ocean dumping regulations: and

{Cy Hazardous and radicactive wacste discharges.
24,0207 Standarde of WMater Guality
{a) Waters Generally. The following standards apply to all territorial

and ground waters including but not limited to fresh surface waters,
ground waters, embavments, open coastal waters, and oceanic waters
of the territory, except as otherwise provided in Section 24.0208
(Zones cf Mixingi.

0



(1)

(=)

(4)

()

(6)

(7)

They shall be substantially free from materials attributable to
sewage, industrial wastes, or other activities of man that will
produce objectionable color, odor, or taste, either of itseldf
or 1n combinations, or in the biota.

They shall be substantially free from visible floating
materials, grease, o0il, scum, foam, and other floating material
attributable to sewage, industrial wastes, or other activities
of man.

They shall be substantially free from materials attributable to
sewage, industrial wastes, or other activities of man that will
produce visiblie turbidity or settle to form objectionable
deposits.

They shall be substantially free from substances and conditions
or combinations thereof attributable to sewage, industrial
mastes, or other activities of man which may be toxic to
humans, other animals, plants, and aquatic life or produce
undesitrable agquatic life.

The fecal coliform concentration shall not exceed a geometric
mean of 100 per 100 ml in not less than four samples
approximately egually spaced over a thirty-day period., nor
shall any sample exceed Z00 per 100 ml in more than ten percent
of the samples.

The temperature shall not deviate more than 1.5 degrees
Fahrenheit from .conditions_ which would occur naturally and ..
shall not hourly fluctuate more than 1 degree Fahrenheit nor
exceed BS degree Fahrenheit due to the influence of other than
natuw-al causes.

Radicactivity:

(A} Since human exposure to any 1onizing radiation is
undesirable, the concentration of radiocactivity in natural
waters will be maintained at the lowest practicable level.

(B} HNo radiocactive materials shall be present in natural
waters as conseguence of the failure of an i1installation

&
tao exercice apmrobriate controls to eliminate releases.
o ihe concentration of radiocactivity shall not:

(1} resolt 1n accumulations or radicgactivity in edible
plants and animals that precent a hazard to conzumers
o are harmful to agquatic life, as recammended by the
Federal Radiation Council in the "Radiation
Frotection Guides";
{11} exceed 1/Z0 of the MFC values given for continuous
cccupational exposure=s in the National Bureau of

Standards "Handbook No. 68", as revised: or

143



(8)

(I1I) exceed the current "National Frimary Drinking Water

Regulations" for waters used for public or domestic
supplies.

Toxic Substances:

Q)

(R)

1{59)

All effluents containing materials attributable to the
activities of man shall be considered harmful and not
permissible until acceptable biocassay tests have shown
otherwise. At the request of the EGC, it is the
abligation of the person producing the effluent to
demonstrate that it is harmless.

Compliance with paragraph (a) (4) of this section will be
determined by use of indicator organisms, analysis of
species diversity, population density, growth anomalies,
biocassays of appropriate duration, or other appropriate
methods as specitfied by the EGC.

The survival of test organisms in discharge waters shall
not be less than that for water from the same water body
in areas unaffected by sewage, industrial wastes, or other
activities of man, or, when necessary, for other control
water that is consistent with the requirements for
"Experimental Water" as described in "Standard FMethods for
the Examination of Water and Wastewater", latest available
edition.

As a minimum, compliance with the standard as. stated .in.

‘the previous sentence shall be evaluated with a 96-hour

bioassy or short—term method for estimating chronic
toxicity. References for these methods are:

EFA/600/4-85/014 Short—-Term Methods for Estimating the
Chronic Toxicity of Effluents and Receiving Waters to
Freshwater Organisms, December, 1985, or:

EFA/&600/4-85/013 Methods for Measuring the Acute Toxicity
of Effluents to Freshwater and Marine Organisms,
Cincirnnati, Ohio, EMSL, March, 1985, or:

EFS8/600/4-87/028 Short—-Term FMethods +or Estimating the
Chronic Toxicity of Effluents and Receiving Waters io
Marine and Estuarine Organisms. Cincinnati. UOhio, EMSL.

May 1788.

11
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(10)

(D) In addition, effluent limits based upon acute and/or chronic
toxicity tests of effluents may be prescribed by EQGC.
Additional numerical receiving water limits including EFA’s
Section 304(a) criteria for Section 307(a) toxic pollutants as
cited at S3 FR 177 and summarized in EFA 440/5-86-001 Guality
Criteria for Water 1986, Washington D.C., OWRS, May 1, 1986, as
amended by Update #1, September 16, 1986, and Update #2Z, May 1,
1987 ("@Quality Criteria for Water") will apply. The numeric
water quality standards from this reference are those for the
parameters that are the Section 307 (a) priority pollutants.
These standards are intended to protect both aquatic life and
human health. For protecton of aquatic life, they are maximum
levels not to be exceeded and EGC will utilize the national
criteria guidance four—-day average concentration limits or
Z24-hour average limits, whichever is most current, as
standards. For protection of human health in fresh surface
waters, the EGC will apply the national criteria guidance for
ingestion through water and contaminated aquatic organisms as
30-day average limits. For other territorial waters, the EGC
will apply the national criteria guidance for ingestion through
contaminated aquatic organisms alone as 30—day éverage limits.
For those priority pollutants that are carcinogens, the 10 to
the minus sixth power risk level will be used.

(E) M™Maximum allowable pesticides concentrations for pesticides not
covered under 24.0207 (a){(8) (D) =shall also conform to national
guidelines as stated in the “Guality Criteria for Water".

There shall be no.changes.in basin geometry.or freshwater.inflow.
that will alter current patterns in such a way as to adversely
affect existing biological populations or sediment distribution.

Soil particles resulting from erosion on land invaolved in earthwork,
such as the construction of public works, highwavs, subdivisiaons,
private developments, and recreational, commercial, or industrial
developments, or the cultivation and management of agricultural
lands, shall not enter any water of the territory. This standard
shall be deemed met upon a showing that the land on which the
erosion occurred or is occurring is being managed in accordance with
=61l conservation and control practices approved by the Soil
Conservation Service., Director of the Land Grant Frogram, and
Manager of the American Samoa Coastal Management Frogram.



(11) To protect estuarine organisms, no change in channels, basin
geometry, or freshwater influx shall be made which would cause
permanent changes in existing isohaline patterns of more than
10 percent.

(12) Total residual chlorine in discharge waters shall not exceed 20
micrograms per liter.

(b) Fresh surface waters. The following standards apply specifically to
all fresh surface waters of the territory:

, Median Not to Exceed the
Farameter the Given Value

W]

(1) Turbidity (NTU)

n
<

(2) Total phosphorus 1
(micrograms F per liter)

(3) Total nitrogen Z00
(micrograms N per liter)

W

(4) Total suspended solids
(milligrams per liter)

(5) Dissolved oxygen: Not less than 75%Z satwation or less than
6.0 milligrams per liter. If the natural level of dissolved
oxygen is less than 6.0 milligrams per liter, the natural level
_shall become the standard. . C e o S ap s

(6) pH: The pH trange shall be 6.5 to 8.0 and be within 0.5 pH
units of that which would occur naturally except for the fresh
water lakes on Aunu’‘u Island, where the minimum pH can be 6.0.

—t
L



(c)

Y d)

Secd g, 0287

Fago Fago Harbor. The following standards apply specifically to
Fago Fago Harbor:

r 4

tledian Not to Exceed

Farameter the Given Value
(1) Turbidity (NTUW) 0.75
2) Total phosphorus (micrograms 30

F per liter)

(Z) Total nitrogen (micrograms 200
N per liter)

(4) Chlorophyll a (micrograms 1.0
per liter)

(3) Light penetration depth (feet) 65
(To exceed given value SO%
of the time)

(6) Dissolved oxygen: Not less than 70% saturation or less than
9.0 milligrams per liter. If the natural level of dissolved
oxygen is less than 5.0 milligrams per liter, the natural level
shall become the standard.

(7) pH: The pH range shall be 6.5 to 8.6 and be within 0.2 pH
units of that which would occur naturally.

Embayments. The following standards apply specifically to

embayments excluding Pago Fago Harbor, Fagatele Bay, and Fala

Lagoon.

Median not to Exceed

Farameter the Given Value
(1) Turbidity (NTW) - 35
{(2) Total phosphorus (micrograms 20

F per liter)

{33 Total nitrogen (micrograms
B per liter) 154
i4) Chlorophvyll a (micrograms . o0

per liter:}

S) Light penetration depth (foot) 120
{To exceed given value, S0%L
of the time.)

(6) Dissolved oxvgen: Not less than 7537 saturation or less than
5.0 milligrams per liter. If the natural level of dissolved
oxvgen is less than 5.0 milligrams per liter, the natural level
shall become the standard.



(e)

(7) pH: The pH range shall be 6.5 to 8.6 and be within 0.2 pH
units of that which would occur naturally.

Fagatele Bay and Fala Lagoon. The following standards apply
specitfically to Fagatele Bay and Fala Lagoon.

Median Not to Exceed

Farameter the Given Value
(1) Turbidity (NTW), .25

Fagatele Bay only

(2) Turbidity (NTW, Pala

Lagoon only <75
(X) Total phosphorus (micrograms

F per liter) 15
(4) Total nitrogen (micrograms

N per liter) 135

(&) Chlorophyll a {(micrograms
per liter) - 35

(6) Light penetration depth (foot), 130
Fagatele Bay only (To exceed
given value 50Z of the time.)

7) Dissolved-oxygen: Not less than;80%Z.saturation or less than
5.5 milligrams per liter. If the natural level of dissolved
oxygen is less than 5.5 milligrams per liter the natural level
shall become the standard.

(8) pH: The pH range shall be &.5 to 8.6 and be within 0.2 pH
units of that which would occur naturally.

Open coastal waters. The folloping apply specifically to open

coastal waters; jaecuDdING ! Covy
' Median not to exceed
Farameter the qiven wvalue
{13  Turbidity (NTU? 25
(2 Total phosephorus 15

{(microarams F per literi}

(33 Total nitrogen 130
(micrpgrams N per liter)

{4) Chlorophyll a
(micrograms per liter) - 25



(g)

(hl

(3)

(6)

(7)

Light penetration depth
(foot) (To exceed given
value 30% of the time.) 130

Dissolved oxygen: Not less than 80% of satwration or less than
5.5 milligrams per liter. If the natural level of dissolved
oxvgen 1s less than 5.5 milligrams per liter, the natural level

shall become the standard.

pH: The pH range shall be 6.5 to 8.6 and within 0.2 pH units
of that which occur naturally.

Ocean Waters. The following standards apply specifically to
oceanic waters:

(3)

(4)

(6)

Median not to exceed

Farameter the given value

Turbidity (NTUW) <20

Total phosphorus 11

(micrograms F per liter)

Total nitrogen {(micrograms 115

N per liter)

Chlorophyll a (micrograms

per liter} .18

Light penetration depth (foot) ‘ 150

(To exceed given value S0%

of the time.)

Dissolved oxygen: Not less than 80%Z of saturation or less than

5.5 milligrams per liter. I+ the natural level of dissolved

oxygen is less than 5.5 milligrams per liter, the natural level

shall become the standard.

The pH range shall be 6.5 to B.6 and within 0.2 units of that

which would occur naturally.
on and Fevision. It 1is specifically recognized that the
isnment of additional or revised numerical standarde is likely
ticient supporting data becomes available. (History: Rule

. effective 16 June BZ, § &i.
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24.0208

(a)

(b)

Iones of Mixing
Folicy: Zone of Mixing

Human activities may result in the practical need to discharge
pollutants through point sources into the waters of the
territory. And, because of technological, economic and other
factors, it may not always be feasible to achieve an effluent
guality that equals or exceeds the standards established herein
at the point of discharge. Therefore, subject to the
prohibitions, criteria and procedures set forth below,
alternate water quality standards may be defined by the EU&C +for
certain parameters in the immediate vicinity surrounding the
point of discharge. The area within which the alternate
standards apply shall be a zone of mixing. All applicable
water quality standards shall be met at the boundary of any
ctone of mixing.

It is the policy of the EGC that zones of mixing shall only be
granted upon a finding that no other practicable means of waste
treatment and disposal are available. Further, it is the
policy of the EQC that zones of mixing shall be limited to the
smallest area possible.

Criteria: Zone of Mixing

A zone of mixing can only be granted by the EGC if the
application and the supporting information clearly shows that
all of the follqwing conditions have been met:

(1) The beginning or continuation of the function or operation
involved in a discharge by the granting of the zone of
mixing i1s in the public interest; and

(2} The proposed discharge does not substantially endanger
human health or safety; and

-

(3) Compliance with the existing water quality standards at
the point of discharge would produce serious economlc
hardships without egual or greater benefit to the public:
and

4 fAflterations generated by & propoased discharge do noct
disrupt the marine ecology of the receiving waters cutside
the zone of mixinos

— e vt ——— e paa-



(6)

(7)

(8)

(c)

(1)

A zone of mixing shall not be granted for fresh surface waters,
Fala Lagoon, Fagatele BRay, that portion of Fago Fago Harbor
described in 24.0206 (c) (2) (C), or in those waters in Manu’a
described in 24.0206 ((d) (2) (G). Those water guality
parameters which are subject to zone of mixing are chlorophvll
a, light penetration depth, nutrients, pH, temperature,
turbidity, and fecal coliform. Furthermore, those water quality
parameters which are subject to zones of mixing must conform
to alternative within—-zone limits determined by the EQOC.
Determination of effluent limits for toxic substances must
comply with 24.0207 (a) (8) (A)—(E) and 24.0207 (a) (9); and

>

The standards set forth in 24.0207 (a)(1)—-(4) shall be met
within a zone of mixing; and )g 210M4u

‘The proposed discharge will not result in a lowering of water
quality outside the zone of mixing so as to violate the
standards of 24.0206 and 24.0207 as they may be applicable.

Further, the following shall be considered by the EGC 1in
determining whether to grant or deny a zone of mixing.

(i) Frotected uses of the body of water;

(ii) Existing natural conditions of the receiving water:

(ii1) Character of the effluent
_Adequacy of the design of the outfall and diffuser system
to achieve the desired dispersion and assimilation in the

receiving waters; and

(iv)

(v} other pertinent policies, plans or territorial agencies.

Frocedures to Apply for Zone of Mixing

Every application for a zone of mixing shall be accompanied by
a caomplete and detailed description of present conditions, how
present conditions compare to standards, proposed alternate
water quality standards within the zone of mixing, and other
such infeormation as the EQC prescribes.

Each application for & zone of mixing shall be reviewsd 1n
light of descripticons, statements, plans, histories. and other
supporting information as may be submiited upon the reguest of
the 4L and the effect on the water guality standards
established in 24,0307,

A zone of mixing, or & renewal, shall be granted within the
requirements of this section for the following time periods and

conditoncs:

i

oy



(A)

(C>

(D)

If a zone of mixing is granted on the grounds that there
is no technically and/or financially efficient means known
or available for the adequate prevention, control, or
abatement of the discharge involved, it shall be only
until the necessary means of prevention, control, or
abatement becomes practicable and it shall be subject to
the taking of any substitute or alternative measures that
the EGQC may prescribe. No renewal of a zone of mixing
granted under this section shall be allowed without a
thorough review of known and available means of
preventing, controlling of abating the discharge involved.

The EGC may permit a zone of mixing for a period not
exceeding 5 years subject to reopener in the triennial
review of water quality standards.

Every zone of mixing granted under this section shall
include, but not be limited to, permittee requirements to
perform effluent and receiving water sampling and testing
as specified by the EGC and to report the results of each
test to the EQC. A program of research to develop
practicable alternatives to the methods of treatment or

control in use by the permittee may be required as =&
condition of the granting of the zone of mixing.

Any zone of mixing granted pursuant to this section may be
renewed periodically for pericds not exceeding 3 years, on
terms and conditions which would be appropriate for the
initial granting, of a zone of mixing; provided, .that:

(I the applicant for renewal has met all of the
conditions specified in the previously prescribed
zone of mixing; and

(I1) no renewal shall be granted except on application
therefor. Any such application shall be made at
least 120 days prior to the expiration of the current
zone of mixing permit.

The EGC, on its own motion or upon the application of any

person, shall terminate a zone of mixing i1if, after a

hearing., 1t 1s determined that:s

{1} the water area outside the zone of mixing does nou
meet the standards applicable to that water as given
in 24.0G207; or

{I1) the zone of mixing granted will unreasonably
interfere with any protected uses of the water area;
or

{(I1I1} any NFDES permit condition ie not being met and the
discharger has failed to take action to bring the
effluent intc compliance.

1%



(F)

(G)

{(H1

(J)

240209

Such termination shall be made only after a hearing held by the
EQC in accordance with Chapter 4.10 ASCA. Upon such
termination, the standards of water quality applicable thereto
shall be those established for the water as otherwise
classified.

Upon expiration of the period stated in the zone of mixing, the
zone of mixing shall auvtomatically terminate and no rights
shall be vested to the permittee. If a renewal of a zone of
mixing has been applied for as specified in subparagraph (c)

(3) (D) of this section, the zaone of mixing shall ctontinue until
the renewal is approved or denied by the EGC.

Whenever an application is approved, water quality standards
will be strictly enforced in the waters adijacent to the zone of
mixing. Reguirements +or discharge permits shall be determined
to assure compliance with the zone of mixing at the worst-case
receiving-water mixing and transport conditions and to assure
praotection of adijacent waters. )
No part of shoreline or barrier or fringing reef shall be “%k\
included in anv zone of mixing.

In the event of an emergency, a zone of mixing can be
temporarily withdrawn, in accordance with procedures provided
by law.

The granting of a&a mixing zone shall be subject to approval by
USEFA.

Fermit Required

No point or nonpoint source discharges, or treated or untreated
sewage or wastes from other than natural causes, shall be
allowed into fresh surface waters, embayments, copen coastal
waters, ocean waters, or groundwaters of the territory without
application to, review by, and written permission from the EGC.

-




24,0210 Water fuality Certifications

(a) MWater CGwality Certification Issuance

(1)

Water quality certifications will be issued by the EGC +for
any proposed activity that is found not to violate
applicable water quality standards and Sections 301,302,
20%, 306, and 307 portions of the Federal Clean Water
Act. A water guality certification is required by Section
41 of the Clean Water Act of any applicant for a federal
license or permit to conduct any activity, including, but
noct limited to, the construction or operation of
facilities which may result in a discharge into navigable
watere of the United States. %Q?

€

(b) Freocedures to Apply for Water Guality Certification ’hxé,

(1)

Contents of application / QU%-

" g n
An applicant for certification shall submit a complete
description of the discharge involved in the activity for
which certification is sought, with a request for
certification signed by the applicant. Such description
shall include the following:

(&) The name and address of the applicant:

(B} A description of the facility or activity, and of any
discharge into terriorial waters which may result
from the conduct of any activity including, but not
limited to, the construction or operation of the
facility, including characteristice of the discharge,
and the location or locations at which such discharge
may enter territorial waters;

(C: i¥ applicable, a description of the function and
operation of equipment or facilities to control
discharges, including specification of the methods of
control to be used;:

(0 The estimated date or dates ctivity
will begin and end, and the

the dischargei{s) will taks

=)
tes on whilch

1+ applicable, a description ot the methods and means
BEeing used or proposed to monitor the guality and
charactericstics ot the discharge and the operationm ot
eguipment or facilities emploved 1n the control of
the proposed dicscharges;



(c}

(d)

(F) The EGC may require the submission of additional
information after a certification application has been
filed. If a certification application is incomplete or
otherwise deficient, processing of the application shall
not be completed until such time as the applicant has
supplied the missing information or otherwise corrected
the deficiency. The EGC shall notify the applicant, in
writing, within sixty days of the submission of an
application if an application is incomplete or otherwise
deficient. A description of the type of additiconal
information necessary to complete the application or
correct the deficiency shall be included with such a
written notice. Failure to provide additional information
or to correct a deficiency shall be sufficient grounds for
denial of certification. EGC must act on the application
after receipt of a completed application.

(G) The applicant must notify the EGC, in writing, of change:
which may affect the application and certification proce
immediately thereon such things are noted by the
applicant.

oy

=2

Water gquality certification:; notice and hearing. The EQC may, upon
request, provide the opportunity for public hearing(s) to consider
the issuance of water guality certification as specified in the
Administrative Procedures (Chapter 10, ASAC) and Environmental
Gluality Act (Title 24, ASCA). The EGC shall inform the applicant,
in writing, that such action has been taken.

Contents of Natér Guality Certification

(1) A certification made by the EGC shall include the following:
{(A) The name and address of the applicant;

(B) A statement that the EQC has examined the application made
by the applicant and other information fuwrnished to the
licensing or permitting agency and bases its certitication
upon an evaluation of &l11 such information contained in
such application which 1= relevant to water guality
certificaticn. A

{C) & statement thet there &
activity will bes conou
violate watsr guality

() A statement of any conditions which the EGC deemsz

necessary or desirable with respect to the discharge o
the activity that will affect water quality: and



()

(E) Such other information as the EQC may determine to be
appropriate.

I+, after considering the complete application, comments
received during the public comment period, the record of a
public hearing if held and other information and data as the
EGQC deems relevant, should the EQC determine that applicable
water quality standards will not be violated and the best
practicable methods of control will be applied to a dischatrge
which is the result of any activity including but not limited
to the constructien and operation of facilities, then the EGC
shall so certify. N

The EGC may modify the certification prior to the issuance of
the federal license or permit, after consideration of
information precsented by the applicant, licensing or permitting
agency o+ other government agencies or interested parties.

(ej Water CGuality Certification; Adoption Of New or Revicsed Water
Guality Standards

(1)

To the extent permitted by applicable law, all water guality
certifications to be issued by the EGC shall require the
licensing or permitting authority to revice the license or
permit to include a clause in the licencse or permit advising
the licensee or permittee that the license or permit shall be
subject to amendment or modificaiton if and to the extent that
existing water guality standards are made more stringent, or
new water quality standards are adopted, by the EGC.

Upon adoption or revision of water guality standards, the EGC
shall notify the licensing or permitting authority and the
licencsee or permittee of the revicsed or newlv—-enacted water
guality standards and =hall reguest the licensing or permitting
autharity to amend or modify the license or permit. if and to
the extent permitted by applicable law, to reflect the
applicable water quality standards.

o P v { e i, it it et S




24,0211 Enforcement, Compliance and Water Quality Monitoring

(al

(b}

(c?

(d)

Enforcement Authority

Enforcement of this chapter shall be in accordance with the
applicable provisions of the territorial Environmental Ruality Act,
24,0131 through Z24.0169 ASCA.

Enforcement Folicy and Determination of Compliance with Water
Guality Standards

(1> All of the preceding water quality standards are applicable
within all water classifications at all times, except within a
zone of mixing gqranted by the EGC.

(2) Compliance with water quality standards at a particular point
+or conventional pollutants shall be determined utilizing at
least four consecutive measurements over a time period of not
less than three months or greater than 12 months or at a
frequency determined by the EGC. Far toxic substances,
compliance shall be determined by a single confirmed sample.

Water GEuality Monitoring

The EGC chall maintain an ongoing receiving water monitoring proaram
to be utilized to determine trends in water quality and whether
water quality in general meets water guality standards. A report
examining these trends will be issued on a yearly basis as required
by the Federal Clean Water Act.

Fublic Notice of the Safety of Water Eodies for Frotected Uses

The EGC shall post signs and advise the public through the media of
any waters that do not meet the fecal colitorm standard or other
applicable water quality standards that may influence body contact
recreation and other protected uses of tihe water body.
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10 SEP 1990
AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799 tn reply refer to:
OFFICE OF THE GOVERNOR Serial: 403

ENVIRONMENTAL PROTECTION AGENCY
August 28, 1990

Janet Hashimoto

Oceans and Estuaries Branch

U.S. Environmental Protection Agency
Region 9

1235 Mission Street

San Francisco, California 94105

Dear Janet:

Attached is a description and results of a toxicity study

recently completed in Pago Pago Harbor, American Samoa. I would
appreciate your assistance in review of this data, recommendations
on additional resource documents, and suggestions for further
study, if warranted. You can contact me at (684) 633-2304 or fax
(684) 633-5801. Thank you. V.

Siyncerely, ‘
. //\/
/
Sheila Wiegma
/ Environmental \Cdordinator

.American Samoa“nvironmental
Protection Agency

Attachment:

cc: Pat Young, USEPA



FAGO FAGBGO HAREBOR TOXICITY STUDY

August, 1990

OBJECTIVE

To determine whether a public health threat exists due to toxic components
in seawater, sediments, or fish tissue in Fago Fago Harbor, American

Samoa.

STUDY DESIGN

Inner Fago Fago Harbor was targeted as the worst case due to poor
circulation and flushing capacity. Ship traffic and mooring, several
industries (tuna canneries, ship yard, and power plant), and nonpoint
source pollution contribute to potential level of toxic components in this
area. In order to account for seasonality, (only one season completed at
present) the study is conducted as follows:

Seawater
2 sites ~ 2 seasons

Sediments
6 sites ~ 1 season

Fish Tissue
4 species, 2 tissues (liver, muscle) — 2 seasons.

The sites chosen are shown on Attachment 1. Seawater was tested at the
two sites with greatest potential for contamination. Those are (1) inner
most Fago Fago Harbor where oil pollution is concentrated and (2) in front
of Satala Fower Flant near the ship yard where both facilities discharge
stormwater. Sediments were sampled by tube corer at six sites as follows:

2 samples — inner most Fago Fago Harbor

1 sample - power plant

1 sample - shipyard

1 sample - near cannery outfall

1 sample - in front of Marine Resources Office

Five species of fish were caught by line in inner Fago Fago Harbor.
Tissues were composited to obtain adeguate sample volume. These are:

Lupo - zooplankton feeders
Surgeonfish - algae eaters
Mullet —~ detritus feeders

Mojarra — infauna feeders
Snapper - benthic crustacean eaters

The media were tested for the following parameters.
Seawater — volatile organics, trace metals, FCHs, TFH

Sediments - volatile organics, trace metals, oil and grease, particle
analysis, FCBs, hydrocarbons

Tissue: FCBs, trace metals, hydrocarbons, pesticides.



(Metals include As, Cd, Cr, Cu, Fb, Hg, MNi, Zn, Ag)

STUDY FINDINGS TO DATE

The first season seawater and fish tissue and one time sediment sampling
was completed in April and May, 19%0. The second sample is scheduled for
late September, 192%0. The preliminary results are provided below.

1. Seawater

Both sites samples showed similar results. Volatile organics were
below detection levels. Metals (mg/kg) were below detection levels

except:
Bite 1 Site 4
Cr O.03F3 Q. 030
Cu 0,08 0,09
b O.059 0. 044

Total petroleum hydrocarbons are less than .15 for site 1 and 0.25 for
site 4. HResults on FCHs were not yet reported. When compared to chronic
marine water quality criteria, lead concentrations exceed the criteria by
100 times. Chromium is slightly below the criterium. No chronic marine
criterium is available for copper, and the results are less than the acute
marine criterium.

Volatile organics and pesticides testing at all sites were below
detection limits.

FCHs in ma/kg in the form of Arochlor 1260 were found at all sites
erxcept site 6. Other forms are Arochlor were less than detection
level. The concentrations of Arochlor 1260 which resulted are:

FCB Concentration

Site 1 0.13
Site 2 0,22
Site = 1.9
Site 4 2.0
Site 5 1.5
Site 6 20.10



HMetal
Site

As
Cd
Cr
Cu
Fb
Hg
Ni
Ag
Zn

o

Concentrations (mg/kg wet wt) were:
1 2 3 4 5 =)
2.09 2.25 2.00 1.60 2.05 24.8
0.69 0. 60 0.79 0.32 1.34 2.7
27.4 25.1 47 .6 iB.6 16.8 17.4
265 21.7 22.0 244.0 27.3 11.2
25.9 27.5 53.8 42.3 27.0 41.5

0. 03 0. 0% 0.09 .02 Q.04 0.0
27.0 25.5 6.8 20.4 20.8 F1.0

0.84 1.10 0.70 0.32 1.13 7.2
158.0 162.0 234 240.0 240.0 41.6

Farticle size analysis was conducted and is included here as Attachment
2. As no standards or criteria are available for sediments,
quality criteria for metals were compared to obtain a relative/rudimentary
picture of the results for metals.

Site 1

Site 2

Site 3
sites.

Site 4

Site 5

Site 6

For oil and grease analysis,
2,000 to 7,000 mg/kg

the water

-~ All concentrations wee the same or below that of other sites.

- Same as Site 2

- Cr, Cu,

- Cu, Fb,

- Cd, Ag,

hAs, Cd,

-3

Fb, Ni,

and Zn were relatively higher than other sites.

and In were relatively higher than other sites.

Fb, and Ni

(wet weight)

Sites 1, 3,
with sites 3,

Zn were markedly higher as compared to other

were relatively higher than other sites.

4 and S5 showed concentrations of

5 being highest.



Fish Tissue

Folynuclear aromatics, FCHs, and pesticides were below detection limits
in fish tissue and muscle. Fish liver and muscle tissue showed the
following metals concentrations (mg/kg wet weight).

Fish Liver

i par) 7 =] 9
As 0.52 0. 357 0.79 0. 60 .27
Cd 0.4 1.3 0.4 0.4 0.3
v 2.3 5.9 v 19.1 44,1 11.7
Cu 5.8 5.5 19.2 3.0 11.7
Fb 1.6 1.4 2.1 Z.6 0.7
Hg 0.46 0.06 0.05 0.12 0.23
Ni 1.9 .2 4.8 11.6 2.4
Ag 0.7 0.7 , 0.7 0.4 0.4
n 79.6 32, 53.9 45.7 195.6
Fish Muscle

1 2 3 4 7
As 0.01 0.03 <0.01 <0.01 0.15
Cd 0.20 0. 30 0. 37 0.33 .50
Cr 1.9 33.8 5.5 4.6 21.7
Cu 0.61 .32 0.29 0.46 1.6
Fb 1.1 1.6 1.9 2.5 2.6
Hg 0. 06 “9.91 ?.95 0.08 .02
Ni 1.3 11.8 3.1 4.1 8.1
Ag 0.2 0.45 0.15 0.13 0.6
Zn .3 16.5 23.0 12.2 18.6

These results were compared to the legal limits for hazardous metals and
organic proirity pollutants in fish and fishery products.

DISCUSSION OF FRELIMINARY RESULTS

1. Seawater

Chromium and especially lead concentrations appear to be of concern.
These sights were chosen due to activities in their area. Dil
spills and discharges from sandblasting ships are the primary
potential sowces of these metals at the site. Lead may be a
constituent of the paints gandblasted off ships at the Southwest
Marinme Railway. The spent sandblasting wastes can easily escape to
harbor. Chromium is a trace constituent of sandblasting abbrasive



concentration for each metal is equal to 100%Z and the others are
then assigned accordingly. As expected, the closer the species
feeds to the bottom, the higher the metal concentration is found in

the tissues. See attached grapbs.

Froblems and Further Information Needed

5.

Metals concentrations in petroleum products?

Interpretation of sediment data as no standards or criteria exist?
No background data is available.

FCBs are evident in the sediments but not in fish. Is this of
concern or will it be in the future?

Chromium is found in seawater, shown to be relatively high in the
sediments and to exceed the legal limit for fish tissue. How much

of a concern is this?

Fish tissue is shown to exceed the minimum legal limit for most
metals. How significant is this problem?

Risk assessment utilizing "Assessing Human Health Risks from
Chemically Contaminated Fish and Shellfish: A Guidance Manual",
USEFA, has not yet been completed. This will be completed in the
future as soon as possible. Information from IRIS is necessary.

Do these results warrant issuance of a health advisory or
prohibition on fish consumption in general or specifically?

What studies should be conducted that are further definitive and
economically feasible? Is more study necessary?
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PAGO PAGO HARBOR
SEDIMENT

GRAIN SIZE
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?;Eﬁa;” UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
i an et REGION 9

1235 MISSION STREET
SAN FRANCISCO, CA 94103

June 1, 1990

Pati Faiai

Director

American Samoa Environmental
Protection Agency

Office of the Governor

American Samoa Government

Pago Pago, AS 96799

Dear Mr. Faiai:

This is in response to your May 21, 1990 letter requesting
my office to review the need for a Waterbody Survey and Use At-
tainability Study as suggested in StarKist Samoa’s comments to
the proposed American Samoa Water Quality Standards, dated April

11, 1990.

StarKist asserts that the Environmental Quality Commission’s
determination that the existing water quality of Pago Pago Harbor
does not fully support the existing protected uses of the harbor
is based solely on qualitative observations. StarKist does not
deny, however, that these protected uses are not impaired.

These existing protected uses include body-contact recrea-
tion, propagation and development of the marine ecosystem, and
subsistence food gathering and fishing. Additionally, StarKist
asserts that "the existing data for Pago Pago Harbor are insuffi-
cient in both quality (e.g. lack of QA/QC) and guantity (e.gq.
lack of specific data on marine life) to allow the American Samoa
Government to bypass the waterbody survey and assessment..."
StarKist suggests that the American Samoa Government apply EPA’s
water quality standards revision process as outlined in Figure 1
of EPA’s "Water Quality Standards Handbook", in a "scientific
manner" in order to support its assertion that existing protected

uses are not being fully supported.

"Existing uses" as defined by 40 CFR Part 131.3(e) "...are
those uses actually attained in the water body on or after Novem-
ber 28, 1975, whether or not they are included in the water
quality standards." There is no requirement that existing uses
be "scientifically" determined. The determination of impaired

1



uses over time, based on personal and/or historical observations
is valid, and further documentation of the impairment by taking
oral histories of longtime residents is suggested for the future.
This information supports comparison between harbor water quality
and quality in unimpaired waters as evidence of lack of full sup-
port of existing uses. 1In fact, at the hearing you conducted on
" the proposed standards, significant testimony was offered along

these lines.

Designated uses are "those uses specified in water quality
standards for each water body or segment whether or not they are
being attained" {40 CFR Part 131.3(f)]-

Regarding the need for a use attainability analysis (whlch
includes a water body survey), the above-referenced water quality
handbook states the following:

In reviewing the standards on water quality limited seg-
ments, States must perform and submit to EPA a use at-
tainability analysis if the States designates or has
designated uses that do not include the uses specified
in Section 101(a) (2) of the Act, or the State wishes to
remove a designated use that is specified in Section
101(a) (2), or to adopt subcategories of uses specified
in Section 101(a) (2) which require less stringent
criteria than are currently adopted...

...No use attainability analysis is required when desig-
nating uses which include those specified in Section
101(a) (2) of the Act. [40 CFR Subpart B, Section 131.10

(J) and (k).]

Section 101(a) (2) of the Clean Water Act states ..."it is
the national goal that wherever attainable, an interim goal of
water quality which provides for the protection and propagation
of fish, shellfish, and wildlife and provides for recreation in
and on the water be achieved by July 1, 1983."

Clearly, American Samoa’s currently designated uses for Pago
Pago Harbor include the uses specified in Section 101(a) (2).
These uses are the same as existing uses and are not proposed to
be changed. Therefore no actions are being considered which
would require a use attainability analysis according to EPA
regulations.

Appendix A of the Federal Register Notice promulgating the
Final Rule of the Water Quallty Standards Regulation (Vol. 48,
No. 217, November 8, 1983), uhder "“Resource Capabilities",
clarifies that use attalnablllty analyses "... apply only to
water quality limited segments--segments where standards will not
be attained even with implementation of technology-based controls
of the Act, where the State wishes to justify uses less than
’fishable/swimmable.'" Again, the necessity of such an analysis
is not applicable to the present situation in American Samoa.

2




Additionally, the regulations state that "States may not
remove designated uses if: (1) They are existing uses, as
defined in Section 131.3, unless a use requiring more stringent
criteria is added:; or (2) Such uses will be attained by im-
plementing effluent limits required under Sections 301(b) and 306
of the Act and by implementing cost-effective and reasonable best
management practices for nonpoint source control." Therefore
there is no justification for performing a use attainability

analysis on this basis.

While EPA regulations do not require the EQC to conduct a
use attainability analysis for the present revision of water
quality standards, the dischargers are not precluded from con-
ducting such a study for the EQC in the future, should they have
serious concerns regarding the attainability of protection and
propagation of fish, shellfish and wildlife and recreation in
Pago Pago Harbor. Under these circumstances, the dischargers
must establish that a designated use never existed and is not at-

tainable.

Should you wish to discuss this matter further, please con-
tact Pat Young at (415) 556-5069 or Phil Woods at (415) 705-2177.

Sipfferely

Norman L. Lovelace
Chief, Office of Pacific Island
and Native American Programs

cc: Phil Woods, W-3-1



SUMMARY OF COMMENTS FRESENTED AT AFRIL 11, 1990,
FUBLLIC HEARING ON AMERICAN SAMOA
WATER GUALITY STANDARDS, RESFONSE TO THE COMMENTS,
AND CHANGES TO THE PROFOSED STANDARDS

A public hearing was held on the revision of American Samoa Water CGuality
Standards (WGS) on April 11, 1990. The hearing, originally scheduled for
February 13, 1990, was postponed due to the effects of Hurricane Ofa which
occurred in early February, 1970. The comment period was from January 11
to April 14, 19%0. Comments submitted, and response to comments as
necessary, and changes to the WOS are presented here. Comments submitted
verbally and in writing are summarized below.

Changes toc the WRES are contained in the last section.
COMMENTS

Star—kist Samoa

See comments and response in the following section.

See comments and response in the following section.

Department of Marine and Wildlife Resources (DMWR)

Henry Sesepasara

Comments focus on water gquality of Fago Fago Harbor, the impact on fish
resources, and human use of these resources. These comments are based on
professicnal judgment, common sense, and personal observations of the
Director and staff over many vears.

Freviously, the harbor had clear blue water and live coral. Now,
pollution from & number of souwrces can be cobserved. This includes o1l
spills, garbage, sediment load. algal blooms, cannery waste, and
presumably an uncataslogible number of toxic substances.
~aded and has no
ol lution. Four ¥
reduction in ftradid
iom and that tihe A

o ic
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tiy been 1nitiated Lo

Saor .

T1eh human consumption.

It would be folly to relax water gquality standards at this time. The
standards shcould be strengthened and enforced in order to improve the
habitat for fish and restore the traditional subsistence use of the harbor

argéaa.



CHANGES TOQ FROFGSED WATER QUALITY STANDARDS

Microbiological Standards

The proposed WAES in Section 24.0207(a) (5) state that the fecal
colitorm concentration shall not exceed & geometric mean of 200 per

100 mi....nor shall any sample exceed 400 per 100 ml in more than
ten percent of the samples. The fecal coliform standard will be
restored to the original at 100 per 100 ml....nor shall any sample

exceed Z00 per 100 ml. This decision was determined based on input
from the U.S. Environmental Frotection Agency showing that the basis
for the change was not fully justified.

Folicy of Water Guality Degradation o

ection 24.0202(e) has been amended since the proposed WES were made
available for public comment. The proposed standards cite the
variance procedure contained in the Environmental Quality Act as the
procedure to be utilized for permitting degradation. The U.S.
Environmental Frotection Agency provided the EGC with updated
intormation on permitting of degradation. This information,
“Guidance on Implementing the Anti degradation Revisions of 40 CFR
Ei.1Z2, U.5. Environmental Frotection é&gency," Region 9, June 3,
19835, has now been incorporated into this section.

[dg}

Joxic substances and Initial Dilution

The term "initial dilution” has now been deleted from section
40207 () () () in order to conform with the criteria contained in
the section in the WEBS on Zone of Mixing. o



Citizens
David Snow

A DMWR employee who i=s recsponsible for children’'s education programs is
concerned for the wasteful and degraded condition of Fago Fago Harbor. He
states this situation 1= difficult for the children tc understand. The
words "treated waste" in beautiful Fago Harbor are inherently con+licting
and confusing tc the kids. -

David Herdrich

He supports the existing water quality standards and states that these are
necessary as the harbor is obviously contaminated by 0il slicks, =solid
waste, and ficsh processing wastes

This citizen states that his observations are not unscientific because
they are qualitative rather than quantitative. Eoth gualitative and
quantitative observations are scientific as long as they are based on
empirical chservzaticon. Observation of numerous Samoans and early
xplorers tell us Fago Fago Harbor was clear and teeming with fish and
coral life such that vou could see the bottom of the harbor evern in the
deepest areas.

Empirical observations of the commenter and numerous otheres tells you the
harbor is green and vou can no longer see the bottom. The only time he
swam in Fago Fago Harbor he was covered with o0il. Other evidence is seen
in fish kills, cil slicks, and solid waste. The canneries, ships, and
people are the source of these wastes.

FKarla Kluge - Edmonds

She works at DMWE and has had the opportunity to witness the many forms of
polluticon to Fago Fago Harbor and the effectse of the deteriorating water
quality has had cn the marine life within 1it. She has recsponded to fish
kills imn which the cause is not vet determined. Fecople continued to eat
thice fish and 5~»t1cipate ir recreational activities. The causes of the
ficsh kille are dif4: to determine due to the many scurces of pollution
to the narbor. - sowrce which affects marine life amd ultimately
the human i the canneries they = "d clean up the mess they

SFC requests an increase in the total nitrogen (THN) parameter for Fago

Fago Harbor +rom the proposed ZOO mcg per liter to Z00 mcag per liter and

an increase in total phosphoruse (TF) and from the proposed 30 mcg per

Iiter to 42 mco per iiter for total nitrogem (TN}, Thie iz based on the

amcunt they hey state they canmn meet and reasanable sngineer:ng
(=]

- — 4

The designated uses +or Fago Harbor would not

‘T‘l fli

=

0

im L omme mm e s B T =

LOLTE & T rmun levels,

+ oy . o

o e,




COMMENT_ 2

Existing data +or Fago Fago Harbor are insufficient in both quality (e.,q.
lack of BA/GC) and guantity (e.qg., lack of specific data) to bypass the
waterbody suwrvey and assessment suggested by USEFA guidance documernts.

Response

All existing data on Fago Fago Harbor were reviewed in this standards
revision process and deemed adequate to determine where standards are
being violated and to develop a water guality model for nutrients. Data
and information utilized to complete the review of WES include:

1. Monthly data on Fago Fago Harbor and streams accumulated between
February., 1984 and December. 1988.

2. Data contained in the Joint Cannery Study.

3 Cuarterly data on Fago Fago Harbor in coniunction with the Utulei
Sewage Treatment Flant federal discharge permit, 1988 to 19%0.

4. Data contaimned in the Soil Erosion Model for Fago Fago Harbor, 1985.
S Fish kill occurrence.
6. Algal bloom observance.

7. Historical inputs to Fago Fago Harbor.

Figure 1, WG5S Review and Revision Frocess, from the Water Quality
Standards Handbook was utilized. The EGC determined in coniunction with
USEFA Region ¢ that adequate data on water guzality are available,
designated uses are appropriate, and the causs of the standards not being
attained and the cause of use impairment is known. Further documentation
was not considered necessary. Data GAUC is zdegquate. The ASEFA lab 1is
certified by USEFA, lab personnel here received ongoing training, and
analvsis for nutrients is completed off—-island by AECOS, a well qualified
laboratory alsc used by Star Kist. See attachesed letter from USEFA on the
need for a water body survev/use attainability study.



Responcse

The EGC cannot grant an increase in TN and TF levels {for Fago Fago Harbor
as existing water quality does not support the protected uses of the
harbor at this time. Any increase in these parameters is considered
degradation of water quality and local and federal law prohibit such
degradation unless an action undergoes careful scrutiny and documentatiorn.
A public review process is also required.

COMMENT 2

The EQC should further investigate s11 sources of nitrogen and phosphorus
inputs to Fago Fago Harbor.

Response

The existing water quality monitoring program includes sampling for
nutriente in a number of streams. Concentrations in streams show stable.
but not necessarily low values for nutrients. Other point sources of
concern include the Utulei Sewage Treatmernt Flarnt (5TF) and-.sewage from
vachte and ships discharged to Fago Fago Harbor. Monitoring related to
the Utulei STF reveals that while the TN arnd TP contributions are
substantial, the location of the outfall makes these discharges less of a
problem. HNonpoint sources are wide ranging and difficult to catalog. For
Fago Fago Harbor, this would include leaching from septic tanks and
organic contributions related to swface runoff. Nonpoint source loadings
to Fago Fago Harbor are predicted on the Soil Erosion Model for Fago Fago
Harbor (Kennedy/Jenks/Chilton) and are directly related to the type of
land use and development. This information was utilized in the Wasteload
Allocation (WLAY Study. (HRI, 198%) The American Samoa Government (ASG)
is implemsenting a Nonpoint Source Management Frogram to address these
nutrient inputs to Fago Fago Harbor. The Scil Conservation Service and
American Samoa Coastal Management Frogram address erosion control for new
construction projects and farmers. A56 makes some efforts to curb other
sources of nutrient input to the harbor, but additional work 1s necessary.
See Comment & for Star Hist below.

2L

for the EGC to gaily loc=ad o
sliccation
& reguired depending ugpon the ultimate waste gilisposal scenarico
chosen by the canmeries. If both canneries 1mplement high stremgth waste

cegregation and/or discharge ocuttalls bevond Fago Fago Harbor, this will
rnot be necescarv. If both canneries discharge in outer Fago Fago Harbor,
the loading must be determined such that the WES will continue to be met.




COMMENT 4

Ambiguous lanquage is contained in Section 24.0:208, Zone of Mixing,in the
WS as tollows:

a) Section Z24.0208{c) (ZX(EX(II). A zone of mixing can be revoked
based upon interference with a "probable" protected use. The
word "probable" should be deleted.

b} Section Z4.0Z208(c) (3)(6G) Is the worst case receiving water
mixing and transport condition based on modelling or actual
experience? *

Response
al The word "probable" has been deleted from Section 24.0Z08.
b) Section 24.0208(c? (31 (G) refers to factors considered in

determination of a zone of mixing and conditions for determination
ot compliance with the zome of mixing. In determining the
dimensions of & zone of mixing, modelling that includes worst case
receiving water mixing and transport is utilized. Actual
measurements are utilized in conjunction with the mcodellinag.
Compliance determination reguires actual measurements in the water
body at the edge of the zone of mixing and bkevond.

Star Eist Samoa

COMMENT 1

A56 did not utilize a scientific process in review of whether designated
uses in Fago Fago Harbor are being attained. Froper USEFA guidance
documents were not utilized. Star Kist states that "use impairment may be
partially due to the navigation of ships in out of the harbor and the
inherent danger associated with this use.”

Response

56 used the USEFS ance available on water gua
Water CGuality and Guidance for
d Wast ad Allocsticn F prams.  Throughout the

o R
conzulted. a5
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COMMENT &

Similar uses are attained i1n Fearl Harbor with less stringent numerical
criteria. There is no scientific correlation between the protected uses
and the numerical criteria for Fago Fago Harbor.

Kesponcse

Star—Kist did not list the uses that are attained in Fearl Harbor. A
review of those uses reveals that the uses are similar. In addition, the
State of Hawaii states that no new discharges, municipal or industrial,
will be authorized for Fearl Harbor except noncontact thermal coocling and
dry dock discharges. &tar Kist does not provide any information as to the
tvypes of other discharges aliowed or maintained in Fearl Harbor nor that
the water quality criteria at this site is correlated to the beneficial
uses. No information other than the water guality criteria is provided to
show the similarity between Fago Fago Harbor and Fearl Harbor. It would
be difficult to compare standards for Fearl Harbor and Fago Fago Harbor
due to their physical and environmental differences. Fearl Harbor nhas
large shallow areas, there ic less effective flushing action than in Fago
Fago Harbor, and Fearl Harbor waters have historically been turbid.

The American Samoa Water Guality Standards are based on the Baseline Water i
Guality Survey, U.5. Army Enginesr District, Honolulu, 197%. Testing was '
completed that provided a picture of water guality at that time.

Standards were promulgated based on the existing uses and existing water
quality. Cannery input was sought and included oat the time of

promulgation. Influence of the cannery discharges on TN and TF was

documented and accounted for as the WES ultimately promulgated were based

orn water gquality of that time. While it is true that cannery discharges

were lescs at that time, the amount discharged was still significant.

COMMENT 4

Numerical criteria for Fago Fago Harbor utilizing a median ic not
contained in the EBaseline Water Guality Suwvey, American Samoca., 1979 as
stated byv the ASG.




COMMENT S

The data base utilized to determine the numerical criteria for Fago Faago
Harbor varies in size at each sampling station. How did ASG determine
which data were used or were all data used? If all data were used, then
the calculations could be skewed in the direction of those sampling
stations with the largest individual data base.

Response

All available data were utilized to complete the 198% WES revicsion
process. See Comment = above. For the period of 12984 to 1989, the data
bases from ASG monthly sampling and the Jeoint Cannery Study contained the
same number of dats points for each station in Fago Fago Harbor.

COMMENT &

Other sources contribute to the existing water guality condition in Fago
Fago Harbor. Fago Fago stream #1 and #2 are in chronic vioclation of the
proposed numerical criteria for Fago Fago Harbor. o specific plan has
been developed by AS5 to control these sources. ASGE 's plans for
addressing nonpcint source pollution are vague and unacceptable.

Recponcse

ASG does not deny other sources contribute to the existing water quality
condition in Page Fago Harbor. Some of this is natural variation, and
some 1s related to the activities of men. Nutrient concentrations in
streams are decreased through sewerage, proper septic tank construction,
adeguate control and treatment of livestock wastes, and best management
practices for construction and agriculture. ASGE has completed a Nonpoint
Source Follution {NF3} Management Frogram that has been approved by USEFA
to increase actiwvities to prevent NFS5 pollution. Star KEist failed to .
review this program prior to assertion of the above comment. In thise
comment, Star Kist incorrectly applied the water guality criteria for Fago
Fago Harbor to streams. Streams tall under a different st of criteria.

The influx of nutrients from swface runoff and stresame was accounted for
in the origin igation of the WGES. The Soil Conservation Service
1ve 1n american i : sitrient
expected. T owithin
the

sCking 1n the precscing



COMMENT 7

ASG data show that numerical criteria in open coastal waters at SGtation S
have been exceeded for total nitrogen and total phosphorus in the past.
The cause of these exceedences has never been evaluated or determined on &
specific basis. Fossible causes are: 1) natural conditions ) point
source discharge in the inner harbor through tidal water and open coastal
waters, ) nonpoint source discharges to the harbor and open coastal
waters: or 4) combinations of the above. Relocation of the camnery
outfalls to the outer harbor would result in continuing violation of WCUS.

Response

It is highly likely the reason for the exceedence of TN and TF 4iust bevond
the mouth of Fago Fago Harbor are reiated to the cannery discharges and
nonpoint source discharges. If the cannery outfall was relocated to the
outer harbor and the waste disposal scheme included high strength nutrient
waste segregation, potential for exceedernce of standards bevond the harbor
mouth will be lessened. FAlso, studies for a mixing zone and for field
dispersion will provide further insight into the likelihood-of such
viclations.

COMMERNT ©

The use of the terms initial dilution and mixing zone is ambiguous. The
definition of mixing =zone should apply to toxic substances, coliforms, and
all other numerical criteria at the boundary of the mixing =zone.

Response

The term initial dilution has now been deleted from Section $4.0207
{a}(B)(c). The term initial dilution is not present in the WES, thus the
ambiguity between initial diluticn and mixing zone has been removed.

OMMENT S

Ny

Errors in the historical water guality data base were found which castes
to develop the WGES.

doutxt on the scientific data base ussd




COMMENT 10

What methodologies are recommended or approved by ASE for determining
approptriate numerical criteria? Which were used by A56 during the 1989
triennial review process?

Responce

The methodologies recommended and used by ASG to determine appropriate
numerical criteria include a) review of historical data base of water
quality; 2Z) data on inputs to Fago Fago Harbor and other water bodies from
discharge monitoring reports and past studies:; 3) records of fish kills
and oil and other materials discharged; 4) data and professional Judgment
of marine biologists and water quality personnel; 5 historical reports of
American Samoa residents, 6) comparison of data and trends with existing
standards and c) modelling of Fago Fago Harbor and its watersheds for
erosion and nutrient wasteload assimilation.

COMMENT 11

How are WGES violations determined?

Re ==

0l
a]
3J

WS violations are determined as outlined in Section Z24.0Z211{b) of the
proposed WAS.



BRACKGROUND ON 1990 REVIEW OF
WATER QUALITY STANDARDS FOR AMERICAN SAMOA AND ADOFT10N
OF THE WASTELOAD ALLOCATION STUDY FOR
FAGO FAGO HARROR

Introduction

The 1990 triennial review of Water Quality Standards
Territory of American Samoa will be summarized here:

(Was) for the
This teview 18

completed to fulfill requirements of the tederal Clean Water Act and to
determine adequacy of existing WOS to protect and maihtain the beneticial

uses of American Samoa waters.
below.

The changes that weté tade- are 1i8ted
The public hotice anhd adoptiot of these stanHdards has beeH delayed

due to the decision ot the American Samoa Enviteonmental Quatity tommission

(EQC)

complete the Wastelvad Allocation Study #or Pago Fago Harbor (WLA

to
This resulted from an issue taised by the tanneries that the

Study).
Follutant Discharge Elimination System (NFDES) pettiits {ssued has

National

now been
the same period as the WQAS.

completed and will be subject to publit tHotite and tommeht during
The study will be adopted by the EGC peénding

the public comment period.

WaSs Changes

1.

Organization

The organization of the WRS and a number of their provitions have
been teviewed and changed to be more fully iHclusive. Several
sections have been split up and sectiochs on Water Quality
Certification and Compliance and Monitoring Have beeh added.
Descriptions of Fago Pago Harbor and Fald Lagoon are how fouhd in
the Definitions Section. These chahges allow for streamliiHitg and
further clarity in the regulations.

1

Groundwater

A specific section on ground waters, Section 24.0206, has been added
to provide additional protection for Ametricar Samoa aquifers,
Fotential for their contamination has inecreased due to development
pressures in the Tafuna-Leone area where the major aquifer 1&
located. Contamination resulting from cesspoolg and pobrly
constructed septic tanks has been previously documented:

Toxic Substances

More specific provisions on monitoring and assessment for presence
of toxic substances in Amertcan Samod waters Has been 1hcluded.
These provisions also state the standarde that will be utilized to

determine the level of toxicity:
Standards of Water Quality

This section provides protected and prohibited uses and gualitative
and numerical standards foir each water body tlassi fication.



The extreme standards (Value Not to Exceed 107 of the time and value
Mot to Exceed 27 of the Time) have been deleted for eacH wAte+r body

classification. These standards have nhot been utilized {H the past.
1t 15 not likely that these standards will be applied {h tHE8 future

due to the sampling regime and frequency feasible for moritoring

programs in American Samoa.

Water quality data collected from 1984 to 1988 for Fago Pago Harbor
was evaluated for trends and to determine whether existinHg WGS
provide adequate water quality objectives (protected uses) {fbr Pago
fago Harbor. analysis reveals that Was fo+ total nitrogeh aHd total
phosphorus are not met in the harbotr. Modelinyg of tHe Harbot+ done
in the conjunction with the Joint Cannery Study (19864) and WLA Study
(1989) shows that this results primarily $tom canhery waste
discharged to the ihner harbor. Local and {federal eftortyg to
encourage additional treatment or thange of the point of dischatrge

are underway.

Froposed changes in total hitrogen and total phosphorus W8 were
evaluated in the WLA Study and for the trientHial WES reviBw, and the
EQC has determined that relasation:of thesd WES ieg hot Warranted.
Existing water quality does not support the euisting protected uses
of Fago Fago Harbor which ihclude recreatiohal and stibsistence
fishing, subsistence food gatherihg; support and propagdtion of
marine life, maricultutral developmeht; ahd whole and 1imited body
contact recreation. Relaxadatioh of watet quality standards will
contribute to continued impairment of Pago Fago Harbot protected
Uses and delay in the recovery of the hHarbor water quality that

supports the above stated protected uses.

Zones Mixing

All requirement and. criteria for zones of miking have BeseH
consolidated. The technical criteria is now more fléxible t6 allow

for case by case determinhation of mixing zones.

Water Quality Certifications"

This section has been added as the EQC is mote trequettly required

to issue water quality certitication as required by Section 401 of

Clean Water Act. These provisibns are similar to such regulations

in other territories.

Compliance Determine and Water Guality HMonitoring

A specific procedure to de*ermihe compliance with WRS numerical wes
has now been included: Sections on water guality motitoring
requirements and public notice on satety uf Water bodies are added.



Waste Load Allocation Study for Fago Fagqo Harbor

The EQC contracted for completibn of the WLA Study in 15809 to determine
the total maximum daily loadihg for Fago FPago Harbor:. THis detersitation
is required under Section 303 of the Clean Water Act when efflusnt
limitations are not stringent enough to implemernt a water quality atandard
applicable to those waters. 1In Fago Fado Harbor, hitrogen ahd phosphorus
loading are the parameters in which WRS are excebded bH a thronic bastis.
analysis of wWater quality and hydrodynamit data,; development of a Fage
Fago Harbor model; and calculation of the total masimum daily load for
total nitrogen and total phosphorus was completed in the WLA Study: The
total maximum daily loading becomes the hear eguivaient o+ the wasteéload
allocation and is highly dependernt oH location of the tannery discharge
within Fago Fago Harbor. This Study Will assist {H deterfiination of

schemes to improve Pago Fago Harboi.




AMERICAN SAMOA GOVERNMENT
PAGO PAGO, AMERICAN SAMOA 96799
OFFICE OF THE GOVERNOR
ENVIRONMENTAL QUALITY COMMISSION

PUBLIC ROTICE

DRAFT AMERICAN SAMOA WATER QUALITY STANDARDS AND
WASTELOAD ALLOCATION STUDY FOR PAGO PAGO HARBOR

PUBL1C HEARING

The Fnvirotmental Quality Commission (EQC) bhas reviewed and revised the
American Szmoa Water Quality Standards (WQS) originally promulgated in

1981 and hereby provides notice to the public and all interested parties
of the availability of draft revised American Samoa WQS. WQS are numerical

and qualitative regulations developed to protect and mnintain the beneficial

uses of water bodies in American Samoa. The Wasteload Allocation Study for
Pago Pago Harbor, American Samoa has been completed in fulfillment of
Section 303 of the federal Clean Water Act. The imner portion of Pago Fago
Harbor is considered a water quality limited segment, and the study was
comnissioned to determine the amount of nitrogen and phosphorus wastes

that could be discharged to thé harbor at the same time maintaining

compliance with WQS.

A public comment period will be held from January 11 to February 28, 1990
in which comments will be received from the public and any interested
parties at the address listed below. Copies of the draft regulations are ~
available at the Office of the American Samoa Environmental Protection
Agency (ASEPA) located at the Convention Center in Utulei. The Wasteload
AMllocation Study can be reviewed at the same location. You may contact
Sheila Wiegman of ASEFA at (684) 633-2304 for any questions.

A public hearing will be held February 13, 1990 at 4#:00 p.m. at Tapa Room,
Rainmaker Hotel in which the public and interested parties may present
comments on the draft WQS.  Comments nust also be submitted in writing

no later than H:00 p.m. February 28, 1990 ,

Fxecutive Secretary
Envivonmetnal Quality Commission
Office of the Governor

Pago Pago, American Samoa 96799

N




ENVIRUNHENTAL QUALITY COMMISSI10N

FURLIC NOTICE

The Environmental Quality Commission (ERC) hereby notifies the public and
interested parties that the public hearing on draft revised Water Guality
Standards (WRS) and the Wasteload Allocation Study for Fago FPago Harbor
scheduled for February 13X, 1990 cancelled due to the effects of Hurricane
Ofa will be held on Wednesday April 11, 1990 at Sadies Restaurant

Conference Room at 4:00 p._.m.

Testimony on the draft WES will be accepted at that time. Written
comments on the draft regulations and Wasteload Allocation Study for Pago
Fago Harbor will be accepted until the close of the business day on April

11, 1990 and should be mailed to:

Erxecutive Secretary
Environmental Quality Commission
Office of the Bovernor
ffago Fago, AS 96799

or at the 0Office of the American Environmental Frotection Agency,
Convention Center, Utulei. Draft documents are also available there. You

may contact Sheila Wiegman at 63X3-2304 for any uegtions.
Fati Faiai

Executive 5
Environment

etary
Quality Commission



OFFICE OF THE GOVERNOR
ENVIRONMENTAL QUALITY COMMISSION

FUBLIC NOTICE

FOSTFONEMENT
AND FAGO FAGO HARBOR WASTELOAD ALLOCATION STUDY

OF FUBLIC HEARING ON WATER QUALITY STANDARDS

The Environmental Quality Commission hereby announces that the public

hearing to be held on the revised draft American Sampa Water

Standards and the Fago Fago Harbor Wasteload Allocation Study
1%, 1970 is postponed until further notice due to the effects
Ofa. UUritten comments on the standards and the study will be
until cleose of the public hearing to be announced in the near
Yo may contact Sheila Wiegman at 633-2304 for any questions.

Executive Secretary
Environmental Guality

CQuality

on Februnry
of the storm
accepted
future.

Commission
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I. INTRODUCTION

This report presents a discussion of analyses on samples
of seawater, harbor sediment, and fish tissues from Pago Pago
Harbor, Tutuilla Island in American Samca. The study was
jointly sponsored by the American Samoa Coastal Management
Program (ASCMP), the Department of Marine and Wildlife
Resources (DMWR) , and the American Samoa Environmental
Protection Agency (ASEPA). The purpose of the sampling and
analyses was to determine whether toxic chemical compounds
could be detected in the marine environment of the harbor, and
provide a preliminary assessment of the extent of .
contamination and the risk to public health.

Some of the text of this report has been taken directly
from a previous report entitled "wWater and sediment quality
assessment for pollutants in the Nu’upia Wildlife Management
Area, Marine Corps Air Station, Kaneohe Bay" prepared by
AECOS, Inc. in 1990. This study shared a similar purpose with
the Pago Pago Harbor study and much of the general discussion
concerning toxic substances in that report is directly
relevant to the Pago Pago Harbor study.

A paucity of environmental data for toxic substance from
American Samoa dictates the need to utilize data from other
areas to "provide perspective" for the results of the present
study. Hawaii is perhaps the best area for comparison because
of the geological and climatological similarities between the
Hawaiian Islands and the Samoan Islands. Although measurements
of toxic substances in marine environments in Hawaii are not
numerous, several important studies do exist.

Previous Studies in Pago Pago Harbor

Numerous water quality studies for Pago Pago Harbor have
been conducted which include the measurement of nutrient
content and other basic water quality parameters. However,
only one earlier study could be found which included analyses
for toxic substances in the harbor (ASEPA, 1974). The results
from this study of six sediment samples are given in Table 1.
The total residue values are of interest in so far as they
provide an estimate of the water content of inner harbor
sediments (around 55%). Two of the samples (off Standard 0il
dock and off Utulei Plant) appear not to be sediment samples
at all. The total residue of seawater would be on the order of
3 to 3.5 % (i.e., the salt content). Thus, the solids in these
two samples would comprise less than 2 % of the weight. The
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volatile residue gives an estimate of the organic content of
the sample. =

Table 1. 1974 analyses of bottom samples from Pago Pago
Harbor (1974)

An environmental assessment of the impacts of proposed
construction and dredging on. the reef surrounding the
Rainmaker Hotel (Utulei) prepared by AECOS (1985) included a
sampling of water for soluble petrochemicals. Samples were
analyzed by fluorometér, and the instrument response compared
with diesel standards and spiked samples. Soluble
petrochemicals were not detected at a limiting concentration
of 0.075 ppm as diesel. A report by Kennedy Engineers (1964)
included samples of water from the inner harbor which were
analyzed for oil & grease, NFR, pH, and BOD. This single May
1964 sampling for oil & grease at three locations provided the
following results:

Off Anua 23 mg/L

Off Autapini 160 mg/L

Off Pago Pago 131 mg/L
2
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II. METHODS

The samples of seawater, sediment, and various fishes
were collected by the program sponsors at six sites within
Pago Pago Harbor on several occasions roughly representative
of two seasons. These sites were all located in the inner
harbor; within a line drawn across the harbor from Fagatogo on
the south and Atuu Village on the north. The inner harbor
includes the more developed industrial and commercial
activities and has the poorest circulation and exchange with
the open ocean of any part of Pago Pago Harbor. It is
reasonable to assume that if toxic substances are concentrated
anywhere, they will be found within the inner harbor.

Samples were shipped to AECOS, Inc. in Hawaii for
processing and analyses (or redistribution to other labora-
tories for some analyses).

For consistency, all concentrations presented in this
report are given in parts per million (ppm), which is
milligram per kilogram (or ug/g) for sediments and milligrams
per liter (or ug/ml) for solutions.

Fish Samples

Samples of fish tissues from fishes captured within inner
Pago Pago Harbor were analyzed for heavy metals, pesticides,
PCB, and PAH (polynuclear aromatic hydrocarbons). Fish species
selected for testing adhered to the following criteria:

1. species that are commonly caught and eaten;

2. species likely to reside within the harbor rather than
being transient

3. species that represent each of the following feeding
groups: detritivore, herbivore, and carnivore

The primary candidates from Pago Pago Harbor were the
’anae or mullets (Family Mugilidae) representing detritivores,
the pone or surgeonfishes (Family Acanthuridae) representing
herbivores, and the jacks (Family Carangidae) for carnivores.
Additional species caught and analyzed included matu (Gerres
sp., Family Gerreidae), an infauna feeder, and tamala
(Lutjanus fulvus, Family Lutjanidae), which feeds on benthic
crustaceans (Kluge-Edmonds, 1990). All of these fishes are
commonly found in the harbor, and regularly caught and
consumed by local residents. Some, however, may travel in and
out of the harbor.



Fishes were frozen whole and shipped to Hawaii. While a
single modest-sized specimen would usually provide sufficient
muscle tissue for all of the analyses, batching was necessary
to obtain a sufficient quantity of liver tissue for all of the
tests. Batching of dissected tissue was undertaken in the
laboratory and only fishes of the same species were combined
into a batch. Because so many different collections were
received by the laboratory and combined in various ways, we
have attempted to simplify reporting of results by arbitrarily
assigning batch numbers (Table 2) and referring to these in
the data tables. Batch numbers are enclosed in brackets ("[]")
These numbers do not correspond with either collection
identification numbers (assigned by DMWR) or laboratory 1log
numbers (assigned by AECOS, Inc.).

The initial sampling of fishes on 20 April 1990 consisted
of two 1lupo (Urapsis sp.), one surgeonfish (Acanthurus
xanthopterus), and two matu (Gerres sp.). A single tamala
(Lutjanus fulvas) was caught on 24 April. All of these fishes
were shipped and received at the laboratory on April 25 to be
entered as Log No. 4167. Because this initial collection did
not provide sufficient 1liver tissue, the collection was
supplemented by additional catches made between 30 April and 6
May 1990. Shipped to the laboratory and received on 7 June
(entered as Log No. 4457) were two ’‘anae (Family Mugilidae),
eight acanthurids (Acanthurus xanthopterus), seven tamala (L.
fulvus), five matu (Gerres sp.), and nine lupo (Urapsis sp.).
The locations in Pago Pago Harbor where these fishes were
caught is presented in Appendix Table Dl based on notes
provided by DMWR.

A second sampling of fishes on or around October 10, 1990
were caught in front of DMWR (Fagatogo). These were grouped as
follows: 1) 91 small mullet, 2) two (?) medium and one large
mullet, and 3) ten acanthurids. These fishes were received on
11 October (entered as laboratory Log No. 4658). Many of the
small mullet 'had thawed and the tissue deteriorated.
Consequently, this sampling was supplemented by three more
batches consisting of 1) 95 mullet, 2) 6 mullet, and 3) 9
acanthurids caught on or about 19 October 1990; then a
supplemental sampling was made on October 30/November 1 of 1)
3 mullet and 7 acanthurids. These fishes were received frozen
on 2 November and entered as laboratory Log No. 4699.

A third sampling was made 2-4 January 1991. This sampling
provided 13 ga or mackerel (Rastrelliger kanagurta), 20 lai or
jack (Scomberiodes lysan), and 15 acanthurids (surgeonfish;
Acanthurus xanthopterus). These fishes were received 10
January and entered as Log No. 4782.
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Table 2. Field and laboratory notes on fishes from Pago
Pago Harbor supplied for tissue analyses.

No.l pate Qty. Type Species Log Batc

Caught No. No.
1 4/20/90 1 acanthurid A. xanthopterus 4167 [1]
2 " 2 matu Gerres sp. 4167 [2]
3 " 2 lupo Urapsis sp. 4167 (3]
4 4/24/90 1 tamala Lutjanus fulvus 4167 [4]
5 4/30-5/6 9 lupo Urapsis sp. 4457 [5]
6 " 7 tamala Lutjanus fulvus 4457 [e]
7 " 2 ’anae mullet 4457 [7]
8 " 5 matu Gerres sp. 4457 [8]
9 " 8 acanthurid A. xanthopterus 4457 [9]
1A 10/1/90 5 ’anae mullet 4658 [10]
1B " 21 ’anae mullet 4658 [11]
1C " 25 ’anae mullet 4658 [10]
1D " 24 - ’anae mullet 4658 [11]
1E " 17 ’anae mullet 4658 [11]
2 " 3? ’anae mullet 4658 (12)]
3 10/10/90 10? acanthurid A. xanthopterus 4658 [13]
1 Oct/Nov 98 ’anae small mullet 4699 [11]
2 " ’anae med./lg. mullet 4699 [12]
3 " 8 acanthurid A. xanthopterus 4699 [13]
1 1/2-4/91 1172 acanthurid A. xanthopterus 4782 [14]
2 " 18 lai Scomberoides lysan 4782 [15]
3 " 15 ga Rostrelliger kanagurta 4782 [16]
; - Assigned by DMWR.

- Specimens combined into batch by laboratory
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III. RESBULTS

IITI.A. Heavy Metals

Metals comprise a major fraction of the earth’s crust and
are transported to the oceans by run-off and other natural
processes. Over (geological time, a steady state |has
established between the ocean and the crustal material of the
earth (NAS, 1975). Various aspects of the natural occurrences
of heavy metals are presented in Table 3.

Table 3. Metal content of the geo- and hydrosphere in the
absence of obvious pollution (in part from Baudo
and Muntau, 1990 and from Kennish ,1989).

Mean Mean Soil Freshwater Seawater Seawater

Crust Range Range Range Saturation

(mg/Kg) (mg/Kg) (ug/L) (ug/L) (mg/L)
Ag 0.07 0.01-8 0.01-3.5 0.03-2.7 2.0-2.5
As 1.5 0.1-40 0.2-230 0.5-3.7
cd 0.11 0.01-2 0.01-3 <0.01-9.4 4-1000
Cr(III) 100 5-1500 0.1-6 0.2-50 high
Cu 50 2-250 0.2-30 0.05-12 0.4-0.8
Hg 0.05 0.01-0.5 0.0001-2.8 0.01-0.22 100-1000
Ni 80? 2-750 0.02-27 0.13-43 20-450
Pb 14 2-300 0.06-120 0.03-13 0.3-0.7
Zn 75 1-900 0.2-100 0.2-48 1.2-2.5

Sources: Bowen (1979); Dell’Aglio et al. (1986); Krauskopf
(1956).

III.A.1. Heavy Metals in Sea water

Heavy metals appear as trace elements in ocean water
(lower part of range in column 4, Table 3; note units are ug/L
or ppb). Accurately establishing the concentration of most
metals in open ocean waters has challenged chemical
oceanographers for decades, and the published equilibrium
concentrations have steadily declined with improvements in
analytical techniques (for example, see Goldberg, 1965).
Concentrations tend to be higher in coastal waters as a
function of river and stream run-off, settlement of wind blown
solids, and human activities.



In 1980, the U.S. Environmental Protection Agency (USEPA)
presented guidelines for deriving water quality criteria for
the protection of aquatic life and published a number of
documents presenting the criteria for a variety of toxic
materials. These criteria "are not intended to provide 100
percent protection of all species and all uses of aquatic life
all of the time, but they are intended to protect most species
in a balanced, healthy aquatic community" (USEPA, 1986,
Appendix B). Revised criteria were presented in 1985 (see
USEPA, 1987) for substances where sufficient acceptable
toxicity data exists to establish an acute toxicity criterion
which is presented as "“the highest 1-hour average con-
centration that should not result in unacceptable effects on.
aquatic organisms and their uses."™ In some cases, this
concentration 1is made a function  of a water quality
characteristic such as pH, salinity, or hardness. A chronic
toxicity criterion is the highest 4-day average concentration
that should not cause unacceptable toxicity during long-term
exposure. If appropriate, this concentration is also related
to a water quality characteristic.

The 1985 criteria are expressed as 1l-hour (acute) or 4-
day (chronic) average concentrations not to be exceeded "more
than once every 3 years on average" -- wording clearly added
for regulatory purposes involving discharges or accidental
introductions (spills) to aquatic environments. The criteria
provide a frame of reference based on EPA’s accumulation and
review of toxicity data. Thus, the "l-hour" and "4-day"
average concentrations are not requirements that need be met
to establish significance of the reported values.

In November 1989, the State of Hawaii, Department of
Health presented amendments to Chapter 11-54 of the Hawaii
Administrative Rules which included acute and chronic toxicity
standards for all State waters. The standards, adopted in
January 1990, cover a range of potentially toxic inorganic and
organic substances and are based upon the EPA criteria (USEPA,
1987) discussed above. Thus, the State standards set dif-
ferent values for fresh and salt (marine) waters; and include
"human health standards" (also described as "fish consumption"
standards). The DOH salt water standards apply to all water
bodies with greater than 0.5 ppt salinity (essentially
estuarine as well as marine waters). For the heavy metals,
the DOH standards (shown in Table 4) are generally the same as
those established earlier by EPA. However, because the erosion
of volcanic soils can contribute heavy metals to aquatic
environments, the State adopted the EPA criteria where these
standards appeared to be achievable; other standards (as yet
to be established) will be based on the metals concentrations
found in unpolluted Hawaiian environments (DOH, 1989). These
standards are intended to be enforced through effluent limita-
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fraction in mg/L (ppm).

Table 4. State of Hawaii, Water Quality Criteria for Heavy
Metals (DOH, 1989). Values expressed as soluble

Freshwater
Pollutant Acute Chronic
Aluminum 0.750 0.260
Antimony 3.000 ns
Arsenic 0.360 0.190
Beryllium 0.043 ns
Cadmium 0.003* 0.003*

Chromium (VI) 0.016 0.011

Copper 0.006* 0.006%*
Lead 0.029* 0.029%*
Mercury 0.0024 0.00055
Nickel 0.005* 0.005%*
Selenium 0.020 0.005
Silver 0.001* 0.001*
Thallium 0.470 ns

Zinc 0.022*% 0.022%*

Saltwater Fish
Acute Chronic Consumption
ns ns ns
ns ns 15.000
0.069 0.036 ns
ns ns ns
0.043 0.0093 ns
1.100 0.050 ns
ns ns ns
0.140 ns ns
0.0021 ns ns
0.075 0.0083 0.033
0.300 0.071 ns
0.0023 ns ns
0.710 ns ns
0.095 0.086 ns

(1987).
ns - No standard yet developed.

* - Value listed is the minimum standard. Depending upon
receiving water CaCO3 hardness, higher standards may be
calculated using the respective formula in USEPA

10

tions or other conditions in discharge permits (the NPDES
wastewater discharge permits program).

Sea water samples were collected from just below the
surface at Pago Pago Harbor Sites 1 and 4 on 19 April 1990,
and at the same sites on 2 October 1991. Results are sum-
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Table 5. Heavy metals in seawater and sediment "baseline"
! values from inner Pago Pago Harbor.
. Seawater! Seawater? Sediment 3
! Qﬂ;@z’? (ppm) (ppm) (ng/Kg dry weight)
%/Ag <0.010 <0.010 1.7 (excl. Site 6)
L 010 As <0.010 <0.010 4.0 (excl. Site 6)
§ '2’3§~ a4 ca <0.010 <0.010 1.2 (excl. Sites 5&6)
: - Cr 0.03 <0.020 60
!élﬁ' Cu 0.09 0.100 46 (excl. Sites 3&4)
o er Pb 0.052 0.062% /547 ")~ (excl. Sites 3,4,&6)
! ‘ q"Hg <0.002 <0.010 0.06 (excl. Site 3)
s 4 Ni <0.25 <0.25 56
o7 M 2n <0.05 0.105 400 (excl. Site 6)
, 1 Mean value for Sites 1 and 4; May 1990. 7
: 2 Mean value for Sites 1 and 4; October 1990:"'</‘79/ >
3 Mean of nonexcluded sites multiplied by 2 (see text page
12)
4 At site 4 only; undetected (<0.050) at Site 1 in October.

marized in Table 5. Included in this table are "baseline" or
typical inner harbor sediment concentrations, the derivation
of which is described in detail in Section III.A.2 below.

For arsenic, cadmium, mercury, nickel, and silver,
concentrations in the sea water samples were below the
detection 1limits for these metals. Only chromium, copper,
lead, and zinc were detected in the samples. However, the
levels of copper and zinc are within the ranges of observed
adverse effects on marine biota as demonstrated by laboratory
toxicity studies (recently summarized by Mance, 1987). Copper
at 0.1 ppm can be fatal to a variety of marine invertebrates
and invertebrate 1larvae, especially hydrozoans, annelids,
molluscs, and crustaceans. The toxic effects of 2zinc are
usually expressed at concentrations greater than 1.0 ppm, but
chronic toxicity has been demonstrated in some molluscs at
levels as low as 0.1 ppm. The toxicity of zinc has been shown
to increase with increasing temperature and decreasing
salinity in some estuarine species, including molluscs,
crustaceans, and fishes (Herbert and Wakeford, 1964; Jones,
1975; Bryant, et al., 1985).

11



ITII.A.2. Heavy Metals in SBediments:

The results of metals testing of sediments from Pago Pago
Harbor must be compared with soils metals typical for volcanic
soils and with estuarine and coastal sediments from polluted
and unpolluted areas to assess the significance of the
results. A number of metals, while considered priority
pollutants, occur naturally in the environment at relatively
high concentrations. Basalts are a rich source of several
heavy metals (Nakamura and Sherman, 1958). Usually, these
mineralized metals occur in insoluble forms and are therefore
not very mobile (that is, do not move readily into solution in
the aquatic environment). Weathering of native rocks is the
principal process whereby metals are released into streams and
ponds, and thus these metals would be expected in sediments
derived from erosion of terrigenous material as is shown in
Table 6. For example, chromium appears to be naturally
concentrated in weathered basalts, becoming less concentrated
as the soil is eroded and carried as bedload in a stream and
then added to coastal deposits. Lead, although leached out of
the parent material, is complexed in the fine deposits of
stream and particularly estuarine sediments, where its con-
centration rises. ‘

The toxicity of these precipitated or adsorbed forms is
not very great under circumstances normally encountered in
aquatic environments because they remain bound to the sediment
so long as the pH is neutral or slightly basic, becoming
soluble only if the pH shifts to acidic. Nonetheless,
sediments are a source of contaminants to the water column and
the organisms which live within and on the bottom. Standards
or classifications of sediment pollution 1levels have been
proposed (see Table 7) but not formerly codified in the United
States (Shea, 1988). Potential risks to the environment are
usually assessed through biotoxicity studies (see Giesy and
Hoke, 1990).

In a study of heavy metals in estuarine sediments in
Hawaii (DOH, 1978), the Department of Health found a relative
abundance of nickel, zinc, chromium, 1lead, and copper and
concluded that "...[estuarine sediment] metal concentrations
in general appear to be influenced by soil mineral composition
and weathering of Hawaiian basalts ...." This source would be
what Jonasson and Timperley (1975) term the "catchment
regime".

With regard to the results presented in Table 6, it is to
be noted that Kahana Bay, on the windward coast of Oahu,
Hawaii, is a relatively pristine area with an undeveloped
watershed. Ku Tree Reservoir represents an equally pristine
watershed in the Ko’olau Range east of Wahiawa on Oahu. How-

12
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Table 6. Heavy metals concentrations (ppm*) in basalts,
soils, and stream bed and coastal sediments in
Hawaii.

KOLOA KOLOA KU TREE KAHANA COASTAL
METAL BASALTS SAPROLITE SEDIMENTS SEDIMENTS SEDIMENTS

(1) (1) (2) (3) (4)

As 2-17 3-12 ND-29
cd ND-2 ND-2 ND-10
Cr 400 560-860 209-403 47-147 1-122
Cu 290 33-80 47-160 ND-160

Hg 0.3-0.5 ND-0.2 ND-2
Ni 840 250-580 108-350 ND-350

Pb 12 0.5-3 21-34 5-34 5-58
Zn ND-105

* Table values are mg/Kg (ppm) of dried material.
(1) - Patterson, 1971; basalt and weathered basalt.
AECOS, 1984; Ku Tree Reservoir.

(3) - Lau, et al. , 1973; Kahana Stream sediments.
(4) - Lau, et al. , 1973; Kahana Bay sediments.

—
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ever, activities (military <training or dam construction)
around the reservoir may have influenced sediment metals
concentration values at the latter location. Nonetheless, the
values in Table 6 are intended to be representative of the
catchment and estuarine regimes in the absence of anthro-
pogenic (pollution) influences. These values are in line with
the natural contents of heavy metals in fine sediments from
tropical rivers (Thailand and Java) reported in de Groot and
Allersma (1975).

Although many of the heavy metals present in the soils
and estuarine sediments of both Hawaii and Samoa can be
attributed to the geochemistry of the catchment regime (i.e.,
it is volcanic), a comparison of values in Table 8 demon-
strates that wurban pollution ("contamination regime" of
Jonasson and Timperley, 1975) is a significant contributor to
some estuarine sediment concentrations in Hawaii. Locations
which are clearly the more urban/industrial of those sampled
in the DOH study are the Ala Wai Canal (Waikiki) and Kapalama
Canal (Kalihi). For most of the metals measured these two
locations show the highest levels reported (exceptions being
cadmium and arsenic). The high arsenic value obtained at Hilo
Bay is traceable to an industrial source.
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wTable 7. Toxigity classifications of sediments for various
heavy metals (in ppm dry weight of material) (from
Baudo and Muntau, 1990).
EPA 1977
Ontario Non- Moderately Heavily
Element (MOE) polluted polluted polluted
As 8 < 3 3-8 > 8
Ba < 20 20-60 > 60
cd 1 > 6
Cu 25 < 25 25-50 > 50
Cr 25 < 25 25-75 > 75
Fe 10,000 < 17,000 17-25,000 > 25,000
Total Hg 0.3 < 0.1 > 0.1
Mn < 300 300-500 > 500
Ni 25 < 20 20-50 > 50
Pb 50 < 90 90-200 > 200
Zn 100 < 90 90-200 > 200
Sources: Gambrell et al. (1983); Thomas (1987).

Table 8. Distribution of heavy metals in Hawaiian estuarine
sediments (after DOH, 1978).

Metal (Mean* - ppm dry weight)

Location Cu Zn Pb cd Cr Ni Hg As
Kaneohe Bay 73 121 80 2.5 184 161 0.29 20
West Loch 129 -232 96 <10 198 308 0.60 4
Ala Wai Canal 195 386 535 3.5 230 197 1.40 14
Kapalama Canal 273 523 392 6.5 126 100 1.10 17
Kaiaka Bay 103 132 33 <10 200 249 0.36 12
Kahana Bay 22 44 96 11 20 81 <«0.25 18
Nawiliwili Bay 78 83 56 22 347 249 <0.25 14
Hanapepe Bay 60 116 35 3.5 212 400 <0.25 19
Manele/Hulopoe 118 71 <100 <10 118 427 <0.25 <4
Hilo Bay 98 198 115 5.0 207 126 0.75 675

* Mean values rounded to simplify table
< = Values are minimum detectable limit for the samples
analyzed.
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Perhaps the most extensive study of heavy metals in
marine sediments in Hawaii was that reported by the Naval
Undersea Center (1974) for Pearl Harbor, citing and organizing
the results of studies by the Naval Civil Engineering
Laboratory (Morris and Youngberg, 1972; Youngberg, 1973).
Sediment samples were collected from 95 locations in Pearl
Harbor. Results for 92 stations are summarized in Table 9.
This study also included samples of soils and stream sediments
from the surrounding watershed. The NUC (1974) report
presented data on copper, lead and zinc in two other harbors
for comparison purposes (Table 10).

Table 9. Summary of results on sediment metals (mg/kg dry
weight) measured at 92 stations in Pearl Harbor,
Hawaii (NUcC, 1974).

v

Metal Mean Std. Dev. Metal Mean Std. Dev.
agl Hg 1.10 1.29
ca 0.88 +1.83 Mn 573 +577
Cr 101 +59 Ni 125 +148
Cu 156 +192 Pb 114 +213
Fe 33776 420771 Zn 250 +293

1 rewer samples were analyzed for silver and thus no "grand"
mean was provided. Highest concentrations were found in

39 samples from Southeast Loch (6.6 +6.0 mg Ag/Kg)

Sediment samples were collected from six sites within
Pago Pago Harbor on 19 April 1990. Site 6 had to be resampled
because an insufficient quantity of material for all of the
analyses to be performed. Resampling took place on 29 March
1990. The Site 1 sample was split and used by the laboratory
for replicate and spiked sample analyses. The results of the
tests for arsenic, cadmium, chromium, copper, lead, mercury,
nickel, silver, and zinc on these sediments are given in Table
11 and Appendix A. With a few exceptions, the variation
between sites 1is not great, permitting calculation of a
"baseline" value. Unfortunately, the values are reported as
concentrations in wet sediments which introduces an unknown
variable. However, because only a few sites gave either
unusually high or low values relative the majority of sites,
and the deviations were limited to only a few of the nine
metals measured, the conclusion seems warranted that the
sediments were generally similar to one another with respect
to water content.
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Table 10. Comparison of copper, lead, and zinc content of
, sediments from three Navy harbors (after NUC,
1974) . (values in mg/Kg dry wt;mean + std. dev.(n))

Fleet Active Areas

San Diego Bay Pearl Harbor Apra Harbor

California (Southeast Loch) Guam
Cu 290 +370(9) 240 +240(39) 240 +280(3)
Pb 120 +100(9) 210 +300(39) 200 +250(3)
Zn 430 +310(9) 350 +400(39) 400 +400(3)

Fleet Inactive Areas

San Diego Bay Pearl Harbor Apra Harbor

California (Middle Loch) Guam
Cu 220 +80(8) 120 +50(14) 35 +12(2)
Pb 62 +29(7) 32 +27(14) 13 +8(2)
Zn 370 +170(8) 200 +80(14) 54 +30(2)

Sources:

Table 11. Heavy metals in April/May 1990 sediment samples
from Pago Pago Harbor (mg/kg sediment wet weight).

Site Site Site Site Site Site Site
1l 1 (dup) 2 3 4 5 6

Ag 0.84 1.01 1.10 0.70 0.32 1.13 7.2
As 2.09 1.97 2.25 2.00 l1.60 2.05 24.8
ca 0.69 ~0.70. 0.60 0.79 0.32 1.34 2.7
Cr 27.4 37.4 25.1 47.6 38.6 16.8 17.4
Cu 26.3 27.7 21.7 122.0 344.0 27.3 11.2
Hg 0.03 0.04 0.03 0.09 0.02 0.04 0.03
Ni 27.0 32.9 25.5 36.8 20.4 20.8 31.0
Pb 25.9 27.6 27.5 53.8 42.3 27.0 41.5

Zn 158.0 159.0 162.0 234.0 240.0 246.0 41.6

Another factor which may have a bearing on the

interpretation of the harbor
composition of the sediment.

sediment results has to do with
We expect that these sediments

are a mixture of particles from the catchment basin
(terrigenous, usually volcanic material), marine limestones,
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and biological (organic) sources. For those metals whose
origin is the weathering of basalt and which are transported
into the bay in insoluble form, the concentration in a given
sample would be dependent upon the relative proportion of
terrigenous material to material of other origins in the
sediment. At one time, the basic surface sedimentary framework
of Pago Pago Harbor was limestone, with areas near the mouths
of streams having a higher proportion of terrigenous
sediments. Production of 1limestone since removal of the
fringing reefs from the inner harbor is probably no 1longer
significant. Thus, recently deposited material on the harbor
bottom is quite probably mostly of volcanic orgin.

The baseline sediment concentrations given in Table 5 are
rounded means from all of the site values for each metal which
did not deviate substantially from the median value (i.e., all
of the values in Table 11 except those listed as "excluded" in
Table 5). The baseline concentrations provide a "typical"
concentration for inner Pago Pago Harbor sediment and are not
intended to be mathematically rigorous derivations. These
values have been adjusted for comparison with the sediment
concentrations given in Tables 6 through 10 which are
presented on a dry weight basis. Although water content can
vary considerably in marine sediments, a reasonable estimate
for inner Pago Pago Harbor sediment from Table 1 would be a
water content of 55%. Thus the mean values calculated from
Table 11 have been multiplied by factor of two for Table 5.
Even using a multiplier of 3 (assuming 66% moisture content)
Places the baseline concentrations of metals in the Pago Pago
sediments below most sediments from estuaries and embayments
in Hawaii. Reference to Table 7 provides a method of
classifying the Pago Pago Harbor sediments, although caution
is warranted given that natural background concentrations in
American Samoa soils of these heavy metals would probably
exceed the pollution criteria presented.

Deviations: from  the baseline concentrations were noted
for specific metals at the following Pago Pago Harbor loca-
tions:

Site 3 -- High copper, lead, and mercury;

Site 4 -- High copper and lead;

Site 5 -- High cadmium;

Site 6 -- High arsenic, cadmium, lead, and silver;
Site 6 -- Low zinc and perhaps copper.

The chromium concentrations at Sites 5 and 6 were low relative
to the other sites, although the baseline value given in Table
5 for this element is based on a mean calculated from all
seven analyses.
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The sites can be roughly ranked by noting how many
maximum values -occured at each. By this accounting, Site 3
(followed by Site 6) appears "most polluted". Either Site 3
or Site 6 would appear to rank highest considering the list of
deviations above. Site 3 is 1located off the village of
Lalopua, west of the marine railway; Site 6 is located off
Fagatogo, west of the commercial docks (Figure 1).

The low chromium values at Sites 5 and 6 and the low zinc
and copper values at Site 6 may defy explanation without
further study, but do raise at least one concern: could the
low values reflect a dilution of the sediment/water ratio?
That is, if either chromium, zinc, or copper in the harbor
muds are not at all anthropogenic, but reflect only
terrigenous influences (i.e., volcanic soil run-off), a low
value in a sample could be the result of a higher proportion
of either limestone or water. If water, then the concentra-
tions of all the metals in that sample expressed on a dry
weight basis would require a greater factor than the 2 applied
here.

III.A.3. Tissue Heavy Metals

Sediment heavy metals may serve as a source of
contamination to organisms which live in or on the sediments,
and these organisms can in turn become a source of
contamination to pelagic species. It has been suggested by Li
(1984) that living organisms separate elements into biophile
and biophobe categories. By normalizing concentrations over
silicon, the biophile elements are those which appear enriched
in 1living tissues compared with the sediment (tissue to
sediment clay ratios of between 100 and 1000), while biophobe
elements have tissue to sediment ratios close to 1. Heavy
metals measured in the Pago Pago Harbor study which are
thought to be biophilic, at least for algae (Li, 1984), are
zinc, mercury, arsenic, cadmium, and silver. These may not be
essential for life processes, but probably are involved in
physiochemical processes. Biophobic elements include nickel
and chromium. Lead and copper are intermediate (ratios between
1 and 100). The bioconcentration factor (BCF) is another way
of assessing the relative risks associated with sediment or
water concentrations of heavy metals relative to the resident
biota. Table 12 lists the EPA priority-pollutant metals in
descending order of bioaccumulation potential, according to
their BCF (Tetra Tech, 1985).

The literature containing chemical analyses of plant and

animal tissues from Hawaiian aquatic environments is sparse.
The State of Hawaii, Department of Health measured heavy
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Table 12. Inorganic priority pollutants ranked according
to Bioconcentration Factor (USEPA, 1989).
Priority ‘
Pollutant No. Substance log BcFl
123 methylmercury 4.602
123 phenylmercury 4.602
123 mercuric acetate 3.447
120 copper 3.073
128 zinc 2.762
115 arsenic 2.544
118 cadmium 2.513
122 lead 2.253
119 chromium VI 2.190
119 chromium III 2.104
123 mercury 2.000
124 nickel 1.699
127 thallium 1.176
114 antimony ND
117 beryllium ND
121 cyanide ND
125 selenium ND
126 silver ND
1 _ BCF = Bioaccumulation Factor. The value shown is the
geometric mean BCF among studies summarized by Tetra
Tech (1985). See also USEPA (1986)
ND - No data

metals, chlorinated pesticides, and PCBs in Hawaiian estuaries
and estuarine organisms, including mullet (Mugil cephalus),
crabs (Podophthalmus vigil, Portunus sanguinolentus, Thalamita
crenata, and - others not identified), clams (Tapes
phillipinarium), oysters (Crassostrea virginica), and opihi
(Cellana sandwicensis) (DOH, 1978). The NOAA Mussel Watch:
program has included Hawaii sites in some years (see Freitas,
et al., 1989). Species of oysters (mostly Ostrea sandwicensis
and 0. hanleyana are substituted for mussels and edible
oysters (Crassostrea virginica) used. on the west and east
coasts of the continental United States in this program. The
National Contaminant Biomonitoring Program (NCBP) maintained
by the U.S. Fish and Wildlife Service has included two streams
on Oahu in a nation-wide network of 101 sites from which fish
tissues have been analyzed for heavy metals since 1976
(Schmitt and Brumbaugh, 1990).
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Table 13. Concentrations of metals in six whole fish from
Hawaiian freshwater streams (after Schmitt and
Brumbaugh, 1990).

metal (mg/Kg wet-wt.)
As cd Cu Hg Se Pb Zn %
Species water

Poecilia

vittata 0.12 0.06 8.54 0.04 0.76 1.56 46.40 68.0
Oreochromis
mossambica 0.14 0.06 23.1 0.03 0.92 1.98 28.47 71.1
0.
mossambica 0.12 0.06 19.2 0.03 0.62 2.20 27.33 69.6
Poecilia

vittata 0.34 0.03 5.56 0.03 4.88 0.28 29.61 71.8
O.

mossambica 0.32 0.04 10.9 0.03 3.95 0.31 30.03 71.4
Clarias

fuscus 0.06 0.02 3.38 0.08 1.30 0.29 48.66 68.4

The results of fish tissue analyses for heavy metals from
the Pago Pago Harbor fish samples are presented in Tables 15A
and 15B. The tissues display a wide range of concentrations
for each of the elements tested. For most metals, the mean
concentration in 1liver tissues is slightly to considerably
greater than the mean concentration in flesh. Arsenic,
mercury, and zinc are particularly concentrated in the 1liver
(factors between 5 and 10), with copper and lead 1less so
(factors of 3). ‘

With very few exceptions, tissue concentrations are well
below sediment concentrations for each metal. The significant
exceptions involve mercury, with the tissue 1levels (mostly
liver) consistently higher than the "baseline" sediment value
(wet or dry basis). The mean mercury concentration in muscle
tissue (all fishes) equals the "baseline" wet sediment
concentration (0.03 mg/Kg) and the mean mercury concentration
in liver tissue is some 4.5 times greater (0.14 mg/Kg).
Indeed, the sediment results seem not to implicate mercury as
a pollutant in Pago Pago harbor muds. Mercury does have a high
bioaccumulation potential (see Table 12). Inorganic and
organic mercury can be converted by microorganisms into methyl
or dimethyl mercury (Jensen and Jernelov, 1969; Bisogni and
Lawrence, 1973), providing a ready pathway between sediment
mercury and biological systems.
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Table 14 Compilation of legal limits for hazardous metals in
fish and fishery products (from USEPA, 1989)

€ Total

* Limit varics among states.
b Inorganic

Metals (ppm)
Country As Cd (e Cu Hg Pb Sb Se 4.
Australia 1015° 0255 10-0 Q510 1555 1S 1020 40-1,000
Brazil s
Canada 3 0s 05
Chile 01210 0S5 10 20 00503 100
Denmark 0s
Ecuador 10 10 V1) 50
:ﬂud 50 10 20
ance 0507
Germany 0S5 10 oS
Oreece a7
Hong Kong 1410 20 10 s 6.0 10
india 10 10 s 50 S0
Isracd o5
Iraly o7 20
Japan 0304
Korea D3
Netherlands 0510 1w 0520
New Zealaod 10 10 o os* 20 10 20 40
Philippines k (] 0s 0S
Poland 40 10-30 1020 30-50
Spain 0s
Sweden \r 1020
Swarzerland (1} ] 0s 10
Thailand 20 0 03 10
United Kingdom 10 20 2010 50
United Sates 10
USSR, 02190
Vuapeh 01 001 10 0105 20
Zambia 315350 100 0203 0510 100
Rasee.
Minimym 01 0 10 10 0.1 05 10 005 30
Masimum 10 55 1.0 100 10 10 1.5 20 1,000

1984).

References: Nauan (1983); U.S. Food and Drug Administration
(1982,

Significant differences between herbivores,

and carnivores are not apparent.

concentrations for mullet flesh are,
mercury, greater than the means from all fish combined.
liver tissue means exceed the overall means only for

and lead.
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Table 15A. Concentrations of silver, arsenic, cadmium, and
chromium in fish tissues from Pago Pago Harbor.

(Batch] (mng/Kg wet tissue weight)
Sample Ag As cd Cr

muscle tissues
(1] 1 Acanthuridae (4/20)

Acanthurus xanthopterus 0.26 0.01 0.20 1.9
[1] lab duplicate sample 0.35 <0.01 0.20 1.2
(2] 2 Gerreidae (matu)

Gerres sp. (4/20/90) 0.45 0.03 0.30 33.8
(2] 2 small Carangidae (lupo)

Urapsis sp. (4/20/90) 0.15 <0.01 0.37 5.5
(4] 1 Lutjanidae (tamala)

Lutijanus fulvus (4/24) 0.13 <0.01 0.33 4.6
[7] 2 Mugilidae

mullet (4/30-5/6/90) 0.6 0.15 0.5 21.7
[11] Muglidae

mullet (Oct 10-19,’90) 0.09 0.044 0.18 0.44
[12] Muglidae

mullet (Oct 10-19,’90) 0.09 0.053 0.10 2.05

[13] Acanthuridae (Oct 1990)
Acanthurus xanthopterus 0.05 0.026 0.10 0.48

(13] lab duplicate sample 0.02 0.021 0.09 0.31
Mean 0.22 ¥0.034 0.24 7.20
Std. Dev. 0.18 0.042 0.13 10.75

liver tissues

{1] Acanthurus (4/20) 0.7 0.52 0.4 2.3
[5) Ccarangidae (4/30-5/6) 0.7 0.37 1.3 5.5
[7]) Mugilidae (4/30-5/6) 0.7 0.79 0.4 19.1
[8] Gerreidae (4/30-5/6) 0.4 0.60 0.4 44.1
[9] Acanthurus (4/30-5/6) 0.4 0.27 0.3 11.7
[{10] Mugilidae

mullet (Oct 10-19,’90) 0.03 0.057 0.12 0.45

[12] Mugilidae
mullet (Oct 10-19,’90) 0.12 0.122 0.10 0.60
[13] Acanthuridae (Oct 1990)

Acanthurus xanthopterus 0.05 0.156 0.13 0.19
[13] lab duplicate sample 0.06 0.12  0.17 0.05

T
Mean 0.35 (;o.aafﬁ 0.37 9.33
Std. Dev. 0.28 0.240 0.35 13.74
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Table 15B. Concentrations of copper, mercury, nickel, lead,
and zinc in fish tissues from Pago Pago Harbor

[Batch] (mg/Kg wet tissue weight)

Sample Cu Hg Ni Pb Zn

muscle tissues
[{1] 1 Acanthuridae (4/20)

Acanthurus sp. 0.61 0.06 1.3 1.1 9.3
[{1] lab duplicate 0.44 0.04 1.9 0.9 8.5
(2] 2 Gerreidae

Gerres sp. (4/20) 1.32 <0.01 11.8 1.6 16.5
(3] 2 small Carangidae

Urapsis sp. (4/20) 0.29 0.05 3.1 1.9 23.0
[4] 1 snapper or tamala

Lutjanus fulvus 0.46 0.08 4.1 2.5 12.2
[7] 2 Mugilidae

(4/30-5/6/90) 1.6 0.02 8.1 2.6 18.6
[11] Muglidae :

mullet (10/10-19) 3.38 <0.01 1.2 0.7 13.4
[{12] 3 Muglidae

mullet (10/10-19) 9.83 <0.01 2.9 7.9 14.6
[13] 8 acanthurids

A. xanthopterus 5.62 <0.01 <0.1 0.1 3.6
[{13] lab duplicate 0.5 <0.1 0.1 3.6 2.9

Mean 2.4 . 0.03° . 3.8" 2.9 12.3

Std. Dev. 3.0 0.03 3.4 2.1 6.0
liver tissues
[1] Acanthuridae (4/20)

A. Xxanthopterus 5.8 0.46 1.9 1.6 75.6
[5] Carangid 5.5 0.06 l.2 1.4 32.9
[7] Mugilidae (mullet)

(4/30-5/6/90) . 19.2 0.05 4.8 2.1 53.9
[8] Gerreidae (4/30~5/6)

Gerres sp. 3.0 0.12 11.6 3.6 45.7
[92]1 Acanthurids (4/30-5/6)

A xanthopterus 11.7 0.23 2.4 0.7 195.6
[10] Mugilidae

mullet (Oct 10-19) 2.45 <0.01 0.4 0.3 9.3
[12]) Mugilidae ' ‘

mullet (Oct 10-19) 2.61 <0.01 0.9 73.8 13.2
[13] Acanthurids (Oct 1990)

A. Xxanthopterus 7.73 0.16 0.3 0.4 67.7
[13] lab duplicate 11.45 0.14 0.3 <0.1 109.1

A :
Mean 7.72 .0.14 , 2.6F 9.3 67.0
Std. Dev. 5.23 0.13 3.4 22.8 54.2
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III.B Total Chlorinated Pesticides
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~—Tqtal chlorinated pesticide meas(!
(FDA-PAM, Vol. I) and EPA Method({8080)provides a scan

of —some 19 different pesticides and ésticide breakdown
products. A list of the compounds included in this analysis
is given below. Sediment samples collected in April/May 1990
from Pago Pago Harbor at the locations shown in Figure 1 were
analyzed. The detection 1limits for the sediment samples
ranged from 0.01 to 0.20 mg/Kg of sediment wet weight. None of
the compounds listed in Table 16 were found in the sediments.

Table 16. List of chlorinated pesticides and derivatives
tested for in sediment and tissue samples from
Pago Pago Harbor.

Aldrin Endosulfan I

a - BHC Endosulfan II

b - BHC Endosulfan sulfate
c - BHC , Endrin

d - BHC Endrin aldehyde
Chlordane Heptachlor
4,4’-DDD Heptachlor epoxide
4,4’-DDE Toxaphene

4,4’-DDT Methoxychlor
Dieldrin

Fish tissue samples were subjected to analysis for the
same list of pesticides (Table 16) with achieved detection
limits ranging between 0.005 and 0.5 mg/Kg of tissue wet
weight (see Appendix B). No detectable concentrations of these
compounds were found in any of the tissue samples with the
following exception: both p,p’-DDE and p,p’-DDD were found in
a sample (and a duplicate of that sample) of muscle tissue
from mullet (’anae) caught in the harbor. Averaged concen-
trations were 0.038 ppm p,p’-DDE and 0.016 ppm p,p’/-DDD.

The compounds detected are metabolites of the chlorinated
insecticide, DDT (Menzie, 1978), although p,p’-DDD was at one
time also marketed as an insecticide (as TDE or "Rhothane").
Toxicity to mammals is about one-fifth that of DDT (McKee and
Wolf, 1963). DDT and its breakdown products readily partition
into animal fats where they tend to accumulate. Because of the
persistence of DDT and its toxic metabolites, and the
potential for bioaccumulation into higher animals including
man, these compounds have been replaced by 1less persistent
chemicals for most uses (McKee and Wolf, 1963; BCPC, 1991).
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Within the United States, total DDT in fresh water fish
tissue samples was found to be ubiquitous. Discussing the 1984
results of a nationwide study of fresh water fishes, Schmitt
et al (1990) noted that residues derived from DDT were present
in 98% of the stations (including Hawaii). This result
represented the first time since the beginning of their study
in 1974 that DDT (as p,p’-DDE) was not detected in fish
tissues from all of the sample stations.

The proportional composition of the DDT mixture in fresh
water fish tissue was found to be typically 70% p,p’-DDE, 20%
pP,p’-DDD, and 10% p,p’-DDT between 1976 and 1981. The DDE
proportion increased to 73% in 1984, indicating continued.
weathering of DDT in the environment generally in North
America. The 1981 Hawaii samples from Waikele Stream contained
the highest proportion of p,p’-DDT (54-61% of total DDT) in
the nationwide study, but p,p’-DDT had declined by 1984
(Schmitt, et al., 1990). Total DDT in three fish tissue
samples from Manoa Stream on Oahu in 1984 averaged 0.55 mg/Kg
(ppm). In these samples, p,p’-DDT was 20% of total DDT. The
absence of p,p’-DDT (tissue detection limit = 0.005 mg/Kg) in
the sample from Pago Pago Harbor suggests that the source of
the pesticide is NOT from a recent use of DDT, but represents
weathered product in the environment.

The DDT group (DDT and its isomers) have been measured in
marine bivalves nationwide by the National Status and Trends
Mussel Watch Program (Freitas, et al., 1989). During Phase 3
of this program, isomers of DDT accounted for 60% of the
chlorinated pesticide residues found, and 80% of total
pesticides in areas with high pesticide loads. Tissue concen-
trations for total DDT in the oyster, Ostrea sp., from Hawaii
were under 0.050 mg/Kg dry weight.

III.C Polychlorinated Biphenyls

Polychlorinated biphenyls or PCB’s are synthetic
chlorinated compounds produced under the trade name Aroclor
(Monsanto) and once widely used in a variety of products and
processes. After the early 1970’s, PCB’s were produced
exclusively for use as dielectric fluids in electrical
capacitors, switches, and transformers. Polychlorinated
biphenyls are remarkably stable and persistent once released
into the environment (Peakall and Lincer, 1970); and share
lipophilic characteristics with compounds such as DDT that
result in biological accumulation and food chain magnifi-
cation. Polychlorinated biphenyls have relatively high
octanol-water coefficients which are a relative measure of
biocaccumulation potential (TetraTech, 1985). Marine and
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estuarine organisms pick up PCB’s from both the sediment and
the water, and these can accumulate to high 1levels in
organisms at the top of the food chain (Lincer, 1975).

Sea water samples from Site 1 and Site 4 were analyzed
for seven different Aroclors with the results as shown in
Table 17. None of the seven common aroclor mixtures were
detected in the water samples collected in March or October.
Similar results for sea water off Kakaako (Honolulu), Hawaii
were reported by AECOS (1990).

Table 17. Results of analyses for polychlorinated biphenyls
(PCB’s) in sea water samples from inner Pago Pago
Harbor (table values are lower detection limits in

ug/L or ppb).

March 1990 October 1990
Site 1 Site 4 Site 1 Site 4
Aroclor

1016 s < 6 < 6 <1 <1
1221 g o < 6 < 6 <5 < 5
1232 &P <o <6 < 2 < 2
1242 §. 067 —— < 3 < 3 <1 <1
1248 < 6 < 6 < 1 < 1
1254 <1 <1 <1 <1
1260 <1 < 1 < 1 < 1

Results of the analysis for PCB’s on sediment samples
collected from Pago Pago Harbor in April and May 1990 are
shown in Table 18. Only Aroclor 1260 was detected in the
inner harbor muds, but this PCB was present at all sites
except Site 6. levels of Aroclor 1260 at Sites 1 and 2 (off
Pago Pago) are close to the the lower 1limit of detection
(which is 0.10 ppm for this aroclor). Levels in the sediments
from Sites 3, 4, and 5 are 15 to 20 times as great. These
three 1locations extend along the north side of the inner
harbor. Thus, the results suggest a pattern of distribution
in the sediment pointing to a single source of Aroclor 1260;
i.e., possibly a single, specific incident of dumping . or
accidental spillage. Collection and analysis of additional
samples in a grid pattern could better define the source and
the extent of contamination.
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Table 18. Polychlorinated biphenyls (PCB’s) in Pago Pago
Harbor sediment samples (mg/Kg sediment wet

weight).
Site
1 1 2 3 4 5 6
Aroclor dup

1016 ND ND ND ND ND ND ND
1221 ND ND ND ND ND ND ND
1232 ND ND ND ND ND ND ND
1242 ND ND ND ND ND ND ND
1248 ND ND ND ND ND ND ND
1254 ND ND ND ND ND ND ND
1260 0.13 0.19 0.22 1.9 2.0 1.5 ND

ND - not detected at lower limit of detection which varies
between 0.1 and 0.2 ppm for each aroclor (see
Appendix) .

PCBs have been measured in fresh water fish in Hawaii
(Schmitt, et al., 1983, 1990) as part of a national program
that included fish sampled from Waikele and Manoa Streams on
the Island of Oahu. Compared with national averages, samples
from Hawaii ranked quite high for DDT, dieldrin, chlordane,
and heptachlor; and "significant Arochlor 1248 residues (> 1.0
ug/g wet weight) were found..." in one fish from Manoa Stream.
Concentrations of Aroclor 1260, regarded as more persistent in
the environment than Aroclor 1248, ranged from ND to 0.2 in
tilapia and 0.3 to 0.5 in Cuban limia (Poecilia vittata) from
Manoa Stream. Fish samples collected in 1984 (Schmitt, et
al., 1990) produced lower levels of PCBs (Aroclor 1248 ranged
from ND to 0.1 ppm; Aroclor 1254 from ND to 0.2 ppm; Aroclor
1260 from ND to 0.1 ppm). The downward trend comparing 1976
with later collections was generally apparent nation-wide.
Similar levels (on the order of 0.25 ppm dry weight) of PCB
have been reported for bivalves (Ostrea spp.) from both
Honolulu Harbor and Nawiliwili Harbor (Freitas, et al., 1989).
Samples of flesh tissue from several species of fish and a sea
urchin from the waters off Kakaako (Honolulu) were tested by
AECOS (1990). PCBs were detected in only one sample, that of
an aholehole (Kuhlia sandvicensis) with 0.260 ppm Aroclor
1260.

Results of PCB testing of fish tissues from the catches
made for the present study are given in Table 19. Results are
given for "batch" numbers identified in the Methods section
and in Table 15A and 15B. Lower limits of detection in these
samples of fish muscle and liver tissues ranged from 0.05 to
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Table 19. Polychorinated biphenyls (PCBs) in fish muscle and
liver tissues from Pago Pago Harbor (mg/Kg wet
tissue weight).

Aroclor

1060 1221 1232 1242 1248 1254 1260
Fish Sample1 :

muscle tissue

[1] ND ND ND ND ND ND ND
(1] dup ND ND ND ND ND ND ND
(2] ND ND ND ND ND ND ND
(3] ND ND ND ND ND ND ND
[4] ND ND ND ND ND ND ND
(6] ND ND ND ND ND ND ND
[10] ND ND ND ND ND ND ND
[(10] dup ND ND ND ND ND ND ND
(12) ND ND ND ND ND ND ND
(13] ND ND ND ND ND ND ND
[14)] ND ND ND ND ND ND ND
[(14] dup ND ND ND ND ND ND ND
[15] ND ND ND ND ND ND ND
[16] ND ND ND ND ND ND ND

liver tissue

(5] ND ND ND ND ND ND ND
[6] ND ND ND ND ND ND ND
(7] ND ND ND ND ND ND ND
[7] dup ND ND ND ND ND ND ND
(8] ND ND ND ND ND ND ND
(9] ND ND ND ND ND ND ND
[14] ND ND ND ND ND ND ND
[14] dup ND ND ND ND ND ND ND
[15) ND ND ND ND ND ND 0.44
[16)] ND ND ND ND ND ND 0.39

1

numbers in brackets in left column reference batch
numbers identified in Table 2

0.40 ppm of wet tissue wet for the seven aroclors analyzed.
Only two fish samples showed detectable levels of PCB and only
for aroclor 1260 (the same PCB congener found in Pago Pago
Harbor sediment samples). Aroclor 1260 was found in liver
tissue collected in January 1991 from both 1lai or jack
(Scomberoides lysan) and from ga or mackerel (Rastrelliger
kanagurta) at around 0.4 ppm. These are predatory species
which range freely around the harbor and would qualify as
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species near the top of the food chain. PCBs were not
detected in the-flesh of these fish.

Limits for PCB’s in fish and fishery products have been
established by Canada, Netherlands, Sweden, Switzerland, and
the United States (Nauen, 1983; USFDA, 1984). These vary from
1.0 to 5.0 ppm. The U.S. limit is 2.0 ppm (USFDA, 1984).
Frietas et al. give the FDA action level as 10 ppm dry weight.
Conversion of wet weight to dry weight concentration can be
estimated for fish tissue by dividing by 0.2 (Hayes and
Philips, 1987; AECOS, 1990), giving an approximate
concentration of 2 ppm of dry tissue weight for the two Samoa
fishes.
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CONCLUSIONS

This assessment of chemical contamination in Pago Pago
Harbor through testing of water, sediment, and fish tissue
samples was preliminary in scope. No previous indications of
specific problems existed prior to the efforts reported
herein. Consequently, the results should be interpreted with
caution. In cases where potential toxicants were found in
detectable concentrations, comparable samples from other
locations in American Samoa are not available to establish
baseline levels or to determine if the problem is widespread
in dimension.

Heavy Metals

The results of heavy metals testing are supplemented in
this report with data from a variety of sources and criteria
from EPA, State of Hawaii, Department of Health, and others to
provide a basis for interpreting the significance of the Pago
Pago Harbor results.

The seawater concentrations for most of the metals were

below detection limits. In some cases, detection limits were
above EPA and Hawaii salt water acute (nickel and silver)
and/or chronic (cadmium, mercury, nickel, and silver)

criteria. These criteria have been developed from laboratory
bioassays, and may be set at concentrations 1lower than
practical analytical methods can detect. The criteria are
intended for application to point source discharges where
measurements can be made made prior to discharge and initial
dilutions of an effluent. Further measurements of these metals
should follow only if specific problems are noted in sediment
or tissue samples.

Only copper and zinc exceeded criteria values The acute
and chronic criterion for copper in sea water is 0.0029 ppm
(EPA, 1986); no criterion has been established by the State of
Hawaii for copper in sea water. Because only four samples
(collected on two occasions) were analyzed, it is difficult to
conclude that specific problems exist with copper and zinc in
the water column in inner Pago Pago Harbor.

Comparison of sediment metals concentrations from Pago
Pago Harbor with toxicity classifications from EPA (1977)
suggests that the harbor sediments are moderately to heavily
polluted with arsenic, chromium, copper, nickel, and zinc.
However, sediment values from Hawaiian marine and estuarine
environments show similar "high” levels of arsenic, chromiun,
copper, nickel, mercury, and zinc in areas where pollution
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influences are thought to be slight or not present.
Presumably, these metals are naturally present in the soils
which wash into the estuaries and bays from volcanic
formations. In Guam (Apra Harbor, fleet inactive portion),
only copper exceeded the EPA informal sediment criterion (much
of Guam is raised limestone).

A comparison of the "baseline" (Table 5) sediment values
with Hawaii sediment values suggests a problem may exist with
respect to zinc in Pago Pago Harbor. As noted above,
concentrations of zinc in harbor water also appeared to be
exceptional. Unusually high concentrations of some metals at
specific sites within the Pago Pago Harbor may indicate
localized problems which are more difficult to assess because
of the limited number of samples (sediments were sampled only
once). Metals values which appear high relative to experiences
from Hawaiian locations include: copper, zinc, and possibly
lead at Site 3; copper, zinc, and possibly lead at Site 4; and
silver, arsenic, and possibly lead at Site 6. 2Zinc was high
at all locations except Site 6.

Placing the fish tissue concentrations in perspective
relative to regulatory standards such as those listed in Table
13 is difficult because of the range of 1limits established
throughout the political world and the paucity of applicable
standards in the United States. Using limit values which are
widely established (rather than the maximum or minimum
values), the Pago Pago Harbor fishes would seem to potentially
have problems with chromium, copper, mercury, lead, and zinc
burdens. If whole, cleaned fish or edible flesh tissue levels
alone are considered, the list of metals of primary concern
could be reduced to chromium and lead. However, no limits are
expressed for either silver or nickel. Risk assessment
analysis (USEPA, 1989) could be applied in this case, but is
beyond the scope of the present report.

. —
: T
Pesticides bMLﬂjLﬁj, o /1g/pvblﬁw -

Ni qteen/é;;;erent chlorinated pesticides were analyzed
for in<§§g:2%§gg) sediment, and fish tissues from a variety of
species caught in Pago Pago Harbor. No detectable concen-
trations were found in any of the water or sediment samples.
In one tissue sample (and in a duplicate of that sample) from
mullet, the DDT degradation products, p,p-DDE and p,p-DDD,
were found at the tens of micrograms per kilogram (wet weight)
levels. Although DDD may be found as the pesticide TDE (sold
under the name "Rhothane"), the usualy source of DDD and DDE
in the environment is weathering of DDT, a pesticide once
widely used in the tropics for mosquito control. The
concentration found is moderately high, on the order of 100 to
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200 micrograms total DDT per kilogram of tissue dry weight.
However, because only a single sample contained a detectable
level of DDT metabolites, assessment of the significance of
this finding would be highly speculative.

Polychlorinated Biphenyls (PCBs)

Seven different Aroclors (polychlorinated biphenyls) were
analyzed for in sea water, sediment, and fish tissues from a
variety of species caught in Pago Pago Harbor. Only Aroclor
1260 was detected in any of the samples. This Aroclor was
fairly ubiquitous in inner Harbor muds, but clearly
concentrated along the north side of the area sampled. Further
testing of sediments in this area is recommended in order to
pinpoint the extent and possibly the source of ©PCB
contamination. Tissue analyses produced the interesting result
of detectable concentrations in 1liver tissue only from top
carnivores (and only Aroclor 1260). This result implies that
Aroclor 1260 is present in the food chain at concentrations
less than 0.1 ppm. Presumably this concentration could pose
some risk to humans regqularly eating fish and invertebrates
taken from the Harbor. However, a risk assessment is beyond
the scope of this report. Additional samples of top
carnivores, particularly samples of fishes from other parts of
American Samoa, should be analyzed to determine whether inner
Pago Pago Harbor uniquely has a problem with PCB
contamination.

Polynuclear Aromatic Hydrocarbons (PAH)

Sixteen different PAHs (polynuclear aromatic hydro-
carbons) were analyzed for in sea water, sediment, and fish
tissues from a variety of species caught in Pago Pago Harbor.
No detectable concentrations were found in any of the sediment
samples. : )

Volatile Organics

A total of 34 volatile organics were analyzed for in sea
water and sediment samples from inner Pago Pago Harbor. None
of these compounds were found at detection limits which varied
from 0.005 to 0.02 ppm.

0il and Grease / Total Petroleum Hydrocarbons

0il and grease was measured in sediment samples from
inner Pago Pago Harbor. Concentrations ranged from 300 to
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7,000 ppm (sediment wet weight). Sea water samples were
analyzed for +total petroleum hydrocarbons (TPH) on two
occasions. Only one sample contained a quantifiable amount:
Site 4 at 0.25 ppmn. No conclusion can be drawn from these
results.
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APPENDIX A HEAVY METALS

Table Al. Heavy metals

Units = mg/L

Pago Pago Harbor sea water

Location: Site 1 Site 4 Site 1 Site 1 Site 4
| Date: 3/90 3/90 10/90 10/90 10/90
‘ silver (aqg) <0.010 <0.010 <0.010 <0.0101 <0.010

Arsenic (As) <0.010 <0.010 <0.010 <0.0102 <0.010
L Cadmium (Cd) <0.010 <0.010 <0.040 <0.0403  <0.040
| Chromium (Cr) 0.033 0.030 <0.020 <0.020% <0.020

Copper (Cu) 0.08 0.09 0.100 0.100° 0.100

Lead (Pb) 0.059 0.044 <0.050 <0.050° 0.062

Mercury (Hg) <0.002 <0.002 <0.010 <0.010/ <0.010

Nickel (Ni) <0.25 <0.25 <0.250 <0.2508  <0.250

Zinc (Zn) <0.05 <0.05 0.100 0.100° 0.110

ipiked samgle recoverjes:

- 94% - 100% -80% 4 -100% 5 - 106%
6 - 86x 7 - 119% 8 - 11s% - 88%

Table A2. Heavy metals

L Pago Pago Harbor sediment (April/May 1990) samples
Units = mg/kg sediment wet weight.

Site Site Site

1l 1l 2
Ag 0.84 1.01 1.1
As 2.09 1.97 .2.2
cd 0.69 0.70 0.6

Cr 27.4 37.4 25.1
Cu 26.3 27.7 21.7

Hg 0.03 0.04 0.0
Ni 27.0 32.9 25.5
Pb 25.9 27.6 27.5

Site Site

3

0 0.
5 2.
0 0.
47.
122.

3 0.
36.
53.

Zn 158.0 159.0 162.0 234.

4
70 0.32
00 1.60
79 0.32
6 38.6
0 344.0
09 0.02
8 20.4
8 42.3
0 240.0

Site Site
5 6

1.13
2.05 2
1.34
l6.8
27.3
0.04
20.8 31.
27.0 41.5
246.0 41.6

Spike1

121%
95%
98%
52%
100%
3 93%
88%
100%
106%

1

- Spiked sample, percent recovery.
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Table A3. Heavy Metals
Pago Pago Harbor fish muscle tissues

Units = mg/Kg tissue wet weight.
Batch: (1) [1) (2] (3] (4] [7)
Date: 4/90 4/90 4/90 4/90 4/90 5/90
Metal
Arsenic 0.01 <0.01 0.03 <0.01 <0.01 0.15
Cadmium 0.20 0.20 0.30 0.37 0.33 0.50
Chromium 1.9 1.2 33.8 5.5 4.6 21.7
Copper 0.61 0.44 1.32 0.29 0.46 1.6
Lead 1.1 0.9 1.6 ‘1.9 2.5 2.6
Mercury 0.06 0.04 <«0.01 0.05 0.08 0.02
Nickel 1.3 1.9 11.8 3.1 4.1 8.1
Silver 0.26 0.35 0.45 0.15 0.13 0.6
Zinc 9.3 8.5 16.5 23.0 12.2 18.6
Table A3. Heavy Metals (continues)
Pago Pago Harbor fish muscle tissues
Units = mg/Kg tissue wet weight.
Batch: [(11] [12] [13] [13) Spikel
Date: 10/90 10/90 10/90 10/90
Metal
Arsenic 0.044 0.053 0.026 0.021 61%
Cadmium 0.18 0.10 0.10 0.09 88%
Chromium 0.44 2.05 0.48 0.31 91%
Copper 3.38 9.83 5.62 0.50 86%
Lead 0.7 7.9 0.1 3.6 86%
Mercury <0.01 <0.01 <0.01 <0.01 46%
Nickel 1.2 2.9 <0.1 0.1 92%
Silver 0.09 0.09 0.05 0.02 84%
Zinc 13.4 14.6 3.6 2.9 94%




e

ir

Table A4. Heavy Metals
Pago Pago Harbor fish liver tissues

Units = mg/Kg tissue wet weight.
Batch: [1] (5] (7] [8] [9] [10]
Date: 4/90 5/90 5/90 5/90 5/90 10/90
Metal
Arsenic 0.52 0.37 0.79 0.60 0.27 0.057
Cadmium 0.4 1.3 0.4 0.4 0.3 0.12
Chromium 2.3 5.5 19.1 44.1 11.7 0.45
Copper 5.8 5.5 19.2 3.0 11.7 2.45
Lead 1.6 1.4 2.1 3.6 0.7 0.3
Mercury 0.46 0.06 0.05 0.12 0.23 «<0.01
Nickel 1.9 1.2 4.8 11.6 2.4 0.4
Silver 0.7 0.7 0.7 0.4 0.4 0.03
Zinc 75.6 32.9 53.9 45.7 195.6 9.3

Table A4. Heavy Metals (continues)

Pago Pago Harbor fish muscle tissues

Units = mg/Kg tissue wet weight.

Batch:

Date:

Metal
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

[12]
10/90

0.122
0.10
0.60
2.61
73.8
<0.01
0.9
0.12
13.2

[13] [13]
10/90 10/90

0.156 0.12

0.13 0.17
0.19 0.05
7.73 11.45
0.4 <0.1

0.16 0.14
0.3 0.3

0.05 0.06
67.7 109.1

Spike1

71%
86%
82%.
64%
184%
126%
89%
87%




APPENDIX B CHLORINATED PESTICIDES

Table Bl. Total chlorinated pesticides
Pago Pago Harbor sediments
%héﬂth Units = mg/kg (wet weight).
54025 Site Site Site Site Site
</Lﬁ/£) 1 1 2 3 4

Q- OOW Aldrin <0.01 <0.01 <0.01 <0.01 <0.01
700 a-BHC <0.01 <0.01 <0.01 <0.01 <0.01
D=0 Lo b-BHC <0.01 <0.01 <0.01 <0.01 <0.01
o sl c-BHC (Lindane) <0.01 <0.01 <0.01 <0.01 <0.01
ALY d-BHC <0.01 <0.01 <0.01 <0.01 <0.01
~“¢"T —— chlordane <0.05 <0.05 <0.05 <0.05 <0.05
e.oll 4,4’-DDD <0.02 <0.02 <0.02 <0.02 <0.02
6.0 4,4’ -DDE <0.02 <0.02 <0.02 <0.02 <0.02
8.0 4,4’ -DDT <0.02 <0.02 <0.02 <0.02 <0.02
o, 00% Dieldrin <0.01 <0.01 <0.01 '<0.01 <0.05
.oty Endosulfan I <0.01 <0.01 <0.01 <0.01 <0.01
024 Endosulfan II <0.01 <0.01 <0.01 <0.01 <0.01
o, 0kt Endosulfan Sulfate <0.02 <0.02 <0.02 <0.02 <0.01
0, OOb Endrin <0.02 <0.02 <0.02 <0.05 <0.05
0.0 1) Endrin Aldehyde <0.01 <0.01 <0.01 <0.01 <0.01
0003 Heptachlor <0.01 <0.01 <0.01 <0.01 <0.01
3, 0 %3 Heptachlor Epoxide <0.01 <0.01 <0.01 <0.01 <0.01
Methoxychlor <0.03 <0.03 <0.03 <0.15 <0.15

a » P Toxaphene <0.20 <0.20 <0.20 <0.25 <0.25
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APPENDIX B CHLORINATED PESTICIDES

Table Bl. Total chlorinated pesticides (continued)
Pago Pago Harbor sediments
Units = mg/kg (wet weight).

Site Site

5 6
Aldrin <0.01 <0.01
a-BHC <0.01 <0.01
b-BHC <0.01 <0.01
c-BHC (Lindane) <0.01 <0.01
d-BHC <0.01 <0.01
Chlordane <0.05 <0.05
4,4’-DDD <0.02 <0.02
4,4’-DDE <0.02 <0.02
4,4'’-DDT <0.02 <0.02
Dieldrin <0.01 <0.01
Endosulfan I <0.01 <0.01
Endosulfan II <0.01 <0.01
Endosulfan Sulfate <0.01 <0.02
Endrin <0.02 <0.01
Endrin Aldehyde <0.01 <0.01
Heptachlor <0.01 <0.01
Heptachlor Epoxide <0.01 <0.01
Methoxychlor <0.15 <0.02
Toxaphene <0.20 <0.20
40
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APPENDIX B CHLORINATED PESTICIDES

Table B2. Total chlorinated pesticides
Pago Pago Harbor fish muscle tissue
Units = mg/kg tissue wet weight.

Batch:
Date:

Aldrin

a-BHC

b-BHC

c-BHC (Lindane)
d-BHC

Chlordane
4,4'-DDD

4,4'-DDE

4,4'’-DDT

Dieldrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Endrin

Endrin Aldehyde
Heptachlor
Heptachlor Epoxide
Methoxychlor
Toxaphene

(1]
4/90

<0.01
<0.01
<0.01
<0.01
<0.01
<0.06
<0.01
<0.02
<0.02
<0.01
<0.01
<0.02
<0.02
<0.01
<0.01
<0.01
<0.01
<0.02
<0.15

(1]
DUP

<0.01
<0.01
<0.01
<0.01
<0.01
<0.06
<0.01
<0.02
<0.02
<0.01
<0.01
<0.02
<0.02
<0.01
<0.01
<0.01
<0.01
<0.02
<0.15

(2]
4/90

<0.01
<0.01
<0.01
<0.01
<0.01
<0.06
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.02
<0.01
<0.01
<0.01
<0.01
<0.02
<0.15

(3]
4/90

<0.01
<0.01
<0.01
<0.01
<0.01
<0.06
<0.01
<0.02
<0.02
<0.01
<0.01
<0.01
<0.02
<0.01
<0.01
<0.01
<0.01
<0.02
<0.15

[4]
4/90

<0.01
<0.01
<0.01
<0.01
<0.01
<0.06
<0.01
<0.01
<0.02
<0.01
<0.01
<0.01
<0.02
<0.01
<0.01
<0.01
<0.01
<0.02
<0.15
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[ APPENDIX B CHLORINATED PESTICIDES
{. Table B2. Total chlorinated pesticides (continued)
Pago Pago Harbor fish muscle tissue

[ Units = mg/kg tissue wet weight.
Batch: (7] [10] [10] [12] [13]
Date: 4/90 10/90 DUP 10/90 10/90
Aldrin <0.01 <0.005 <0.005 <0.005 <0.005

‘ a-BHC _ <0.01 <0.005 <«<0.005 <«<0.005 <«0.005

; b-BHC <0.02 <0.05 <0.05 <0.05 <0.05

i c-BHC (Lindane) <0.01 <0.005 <«0.005 <«0.005 <«<0.005
d-BHC <0.01 <0.005 <«0.005 <«<0.005 <«<0.005
Chlordane <0.07 <0.05 <0.05 <0.05 <0.05
4,4’-DDD <0.02 0.036 0.040 <0.005 <«<0.005
4,4’-DDE <0.02 0.015 0.016 <0.005 <«<0.005
4,4’-DDT <0.03 <0.005 <«<0.005 <«<0.005 <«<0.005
Dieldrin <0.01 <0.01 <0.01 <0.01 <0.01
Endosulfan 1 <0.01 <0.01 <0.01 <0.01 <0.01
Endosulfan IIX <0.02 <0.01 <0.01 <0.01 <0.01
Endosulfan Sulfate <0.03 <0.5 <0.5 <0.5 <0.5
Endrin <0.02 <0.015 <0.015 <0.015 <0.015
Endrin Aldehyde <0.02 <0.05 <0.05 <0.05 <0.05

. Heptachlor <0.01 <0.005 <0.005 <0.005 <0.005

} Heptachlor Epoxide <0.01 <0.005 <0.005 <0.005 <«<0.005
Methoxychlor <0.03 <0.05 <0.05 <0.05 <0.05

, Toxaphene <0.16 <0.5 <0.5 <0.5 <0.5

H
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APPENDIX B CHLORINATED PESTICIDES

Table B2. Total chlorinated pesticides (continued)
Pago Pago Harbor fish muscle tissue
Units = mg/kg tissue wet weight.

Batch: [14]
Date: 1/91
Aldrin <0.03
a-BHC <0.015
b-BHC <0.065
c-BHC (Lindane) <0.015
d-BHC <0.03
Chlordane <0.3
4,4’-DDD <0.03
4,4'-DDE <0.03
4,4’-DDT <0.03
Dieldrin <0.03
Endosulfan 1 <0.03
Endosulfan 1Y <0.03
Endosulfan Sulfate <0.065
Endrin <0.03
Endrin Aldehyde <0.065
Heptachlor <0.03
Heptachlor Epoxide <0.03
Methoxychlor <0.1
Toxaphene <0.10

(14]
DUP

<0.03
<0.015
<0.065
<0.015
<0.03
<0.3
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.065
<0.03
<0.065
<0.03
<0.03
<0.1
<0.10

(15]
1/91

<0.03
<0.015
<0.065
<0.015
<0.03
<0.3
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.065
<0.03
<0.065
<0.03
<0.03
<0.1
<0.10

[(16]
1/91

<0.03
<0.015
<0.065
<0.015
<0.03
<0.3
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.065
<0.03
<0.065
<0.03
<0.03
<0.1
<0.10

[14)

Spike
94%
95%

90%
84%

87%

1 - Recovery (in per cent)

of spike of sample from batch 14.
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APPENDIX B CHLORINATED PESTICIDES

Table B3. Total chlorinated pesticides
Pago Pago Harbor fish liver tissue
Units = mg/kg tissue wet weight.

Lo ]

R §

Batch: [5] [6] (7] (7] (8]

Date: 5/90 5/90 5/90 DUP 5/90
Aldrin <0.02 <0.04 <0.03 <0.03 <0.03
a-BHC <0.04 <0.07 <0.05 <0.05 <0.05
b-BHC <0.02 <0.04 <0.03 <0.02 <0.03
c~-BHC (Lindane) <0.02 <0.04 <0.03 <0.02 <0.03
d-BHC <0.02 <0.07 <0.03 <0.02 <0.03
Chlordane <0.10 <0.19 <0.14 <0.12 <0.14
4,4’-DDD <0.04 <0.04 <0.05 <0.05 <0.05
4,4’-DDE <0.04 <0.04 <0.05 <0.05 <0.05
4,4’-DDT <0.04 <0.04 <0.05 <0.05 <0.05
Dieldrin <0.04 <0.04 <0.05 <0.05 <0.05
Endosulfan I <0.04 <0.04 <0.05 <0.05 <0.05
Endosulfan II <0.04 <0.04 <0.05 <0.05 <0.05
Endosulfan Sulfate <0.04 <0.04 <0.05 <0.05 <0.05
Endrin <0.04 <0.04 <0.05 <0.05 <0.05
Endrin Aldehyde <0.04 <0.07 <0.05 <0.05 <0.05
Heptachlor <0.02 <0.04 <0.03 <0.03 <0.03
Heptachlor Epoxide <0.02 <0.04 <0.03 <0.03 <0.03
Methoxychlor <0.03 <0.06 <0.04 <0.04 <0.04
Toxaphene <0.55 <1.0 <0.75 <0.65 <0.75
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POLYCHLORINATED BIPHENYLS (PCB)
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Table Cl. Polychlorinated biphenyls (PCB’s)
Pago Pago Harbor seawater

Units = ug/L.
Location: Site 1 sSite 1 sSite 4 Site 1 Site 1 Site 4
Date: 3/90 3/90 3/90 10/90 10/90 10/90
Aroclor |
1016 < 6 < 6 < 6 <1 <1 <1
1221 < 6 < 6 < 6 < 5 < 5 < 5
1232 < 6 < 6 < 6 < 2 < 2 < 2
1242 < 3 < 3 < 3 <1 < 1 <1
1248 < 6 < 6 < 6 <1 <1 <1
1254 <1 <1 <11 <1 <1 <1
1260 <1 <1 <1 <1 < 12 <1
1. spiked sample recovery = 92%
- spiked sample recovery = 85%
Table C2. Polychlorinated biphenyls (PCB’s)
Pago Pago Harbor sediments
Units = mg/Kg sediment wet weight.
Site
Location: 1 1 2 3 4 5 6
Date:
Aroclor
1016 <0.15 <«<0.15 <0.15 <0.15 <«<0.15 <«<0.15 <0.15
1221 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <«<0.20
1232 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
1242 <0.10 <0.10 <«<0.10 <0.10 <0.10 <0.10 <«0.10
1248 <0.20 <0,20 <0.20 <0.20 <0.20 <0.20 <«0.20
1254 <0.10 <0.10 <0.10 <0.10 <«<0.10 <0.10 <0.10
1260 0.13 0.19 0.22 1.9 2.0 1.5 <0.10
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APPENDIX C POLYCHLORINATED BIPHENYLS (PCB)

Table C3. Polychlorinated biphenyls (PCB’s)
Pago Pago Harbor fish muscle tissues
Units = mg/Kg tissue wet weight.

Batch: [1] [1] [2] [3] [4] [7] [10]

Date: 4/90 DUP 4/90 4/90 4/90 5/90 10/90

Aroclor
1016 <0.20 <0.20 <0.20 <0.20 <0.25 <0.20 <0.15
1221 <0.25 <«0.25 <«<0.25 <«0.25 <«<0.30 <0.25 <«<0.40
1232 <0.25 «<0.25 <«0.25 «<0.25 <«0.30 <«<0.25 <«<0.30
1242 <0.15 <«<0.15 «<0.15 <0.15 «<«<0.20 <0.15 «0.25
1248 <0.25 <«0.25 «<0.25 <0.25 <«<0.30 <«0.25 <«0.10
1254 <0.10 <0.10 <«<0.10 <0.10 <0.15 <«0.10 <«<0.05
1260 <0.10 <0.10 «<0.10 <0.10 <«<0.15 <0.10 <«<0.05

Table C3. Polychlorinated biphenyls (continues)
Pago Pago Harbor fish muscle tissues
Units = mg/Kg tissue wet weight.

Batch: [10] [12] [13] [14] [14] [15] [16]
Date: DUP 10/90 10/90 1/91 DUP 1/91 1/91
Aroclor :
1016 <0.15 <«0.15 <«<0.15 «<0.1 <0.1 <0.1 <0.1
1221 <0.40 <0.40 <0.40 <0.1 <0.1 <0.1 <0.1
1232 <0.30 <0.30 <0.30 <0.1 <0.1 <0.1 <0.1
1242 <0.25 <«<0.25 <0.25 <0.1 <0.1 <0.1 <0.1
1248 <0.10 <«0.10 <0.10 <0.1 <0.1 <0.1 <0.1
1254 <0.05. <0.05 <«0.05 «0.1 <0.1 <0.1 <0.1
1260 <0.051 <0.05 <«0.05 <0.12 <0.1 <0.1 <0.1
1

- spike recovery for aroclor 1260 was 82%
- spike recovery for aroclor 1260 was 96%
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Table C4. Polychlorinated biphenyls (PCB’s)
Pago Pago Harbor fish liver tissues
Units = mg/Kg tissue wet weight.

Batch: [5]) [6) [7) [7) [8) [2)

Date: 5/90 5/90 5/90 DUP 5/90 5/90

Aroclor
1016 <0.50 <0.60 <0.50 <0.50 <0.50 <0.50
1221 <0.55 <«<0.80 <0.55 <0.55 <«<0.60 <0.55
1232 <0.55 <«<0.80 <0.55 «<0.55 <«<0.60 <0.55
1242 <0.40 <0.60 <0.40 <0.40 <«<0.45 <«<0.40
1248 <0.60 <0.90 <«<0.60 <«<0.60 <«<0.65 <«<0.60
1254 <0.30 <0.45 <0.30 «<0.30 <«<0.30 <«0.30
1260 <0.30 <«<0.45 <0.30 <0.30 <0.30 <0.30

Table C4. Polychlorinated biphenyls (continues)
Pago Pago Harbor fish liver tissues
Units = mg/Kg tissue wet weight.

Batch: [14] [14] [15] [16]
Date: 1/91 DUP 1/91 1/91
Aroclor
1016 <0.1 <0.1 <0.1 <0.1
1221 <0.1 <0.1 <0.1 <0.1
1232 <0.1 <0.1 <0.1 <0.1
1242 <0.1 <0.1 <0.1 <0.1
1248 <0.1 <0.1 <0.1 <0.1
1254 <0.1 <0.1 <0.1 <0.1
1260 <0.11 <0.1 0.44 0.39
1

- spike recovery for aroclor 1260 was 96%.
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APPENDIX E Polynuclear Aromatic Hydrocarbons (PAH)

Site
5

<3.5
<7.0

<3.5

<3.5

<5.0

<5.0

<5.0

<5.0

<3.5

<5.0
<3.5

<3.5

<5.0
<3.5
<3.5

<3.5

T-ble E1. Polynuclear Aromatic Hydrocarbons (PAH)
Pago Pago Harbor sediments
Units: mg/Kg sediment wet weight
Site Site Site Site Site
1 iD 2 3 4

Acenaphthene <7.0 <3.5 <3.5 <3.5 <7.0
Acenaphthylene <3.5 <3.5 <3.5 <3.5 <7.0
Anthracene <7.0 <3.5 <3.5 <3.5 <7.0
Benzo(a) -

anthracene <3.5 <7.0 <3.5 <3.5 <7.0
Benzo(a) -

fluoranthene <3.5 <3.5 <3.5 <7.5 <7.0
Benzo(a)-

pyrene <3.5 <3.5 <3.5 <3.5 <7.0
Benzo(ghi) -

perylene <3.5 <5.0 <5.0 <5.0 <12.0
Benzo(k) -

fluoranthene <3.5 <3.5 <3.5 <3.5 <7.0
Chrysene <3.5 <7.0 <3.5 <3.5 <7.0
Dibenzo(a,h)-

anthracene <5.0 <5.0 <5.0 <12.0 <12.0
Fluoranthene <7.0 . <3.5 <3.5 <3.5 <7.0
Fluorene <3.5 <3.5 <3.5 <3.5 <7.0
Indeno(1l,2,3~

c,d)pyrene <3.5 <3.5 <3.5 <3.5 <7.0
Naphthalene* <3.5 <3.5 <3.5 <3.5 <7.0
Phenanthrene <3.5 <7.0 <3.5 <3.5 <7.0
Pyrene <3.5 <3.5 <3.5 <3.5 <7.0
* Spike recovery for naphthalene (Site 1) was 66%
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APPENDIX E Polynuclear Aromatic Hydrocarbons (PAH)

Table E2. Polynuclear Aromatic Hydrocarbons (PAH)
Pago Pago Harbor fish muscle tissues
Units: mg/Kg tissue wet weight

Batch: [1] (1] [2] (3] [4]
Date: 4/90 DUP 4/90 4/90 4/90
Acenaphthene <«<10.0 <5.0 <5.0 <10.0 <10.0
Acenaphthylene<10.0 <5.0 <5.0 <5.0 <5.0
Anthracene <10.0 <5.0 <5.0 <5.0 <5.0
Benzo(a) -

anthracene <5.0 <5.0 <5.0 <5.0 <5.0
Benzo(a) -

fluoranthene <5.0 <5.0 <5.0 <5.0 <5.0
Benzo(a)-

pyrene <5.0 <5.0 <5.0 <5.0 <5.0
Benzo(ghi) -

perylene <5.0 <5.0 <5.0 <5.0 <5.0
Benzo (k) -

fluoranthene <5.0 <5.0 <5.0 <5.0 <5.0
Chrysene <5.0 <5.0 <5.0 <5.0 <5.0
Dibenzo(a,h)~ :

anthracene <5.0 <5.0 <5.0 <5.0 <5.0
Fluoranthene '<5.0 <5.0 <5.0 <5.0 <5.0
Fluorene <5.0 <5.0 <5.0 <5.0 <5.0
Indeno(1,2,3~

c,d)pyrene <5.0 <5.0 <5.0 <5.0 <5.0
Naphthalene <10.0 <5.0 <5.0 <5.0 <5.0
Phenanthrene <5.0 <5.0 <5.0 <5.0 <5.0
Pyrene . <5.0 <5.0 <5.0 <5.0 <5.0

(7]
4/90

<10.0
<5.0

<5.0
<5.0
<5.0
<5.0
<5.0

<5.0

<5.0

<5.0
<5.0

<5.0

<5.0
<5.0
<5.0

<5.0
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APPENDIX E Polynuclear Aromatic Hydrocarbons (PAH)

Table E2. Polynuclear Aromatic Hydrocarbons (continues)
Pago Pago Harbor fish muscle tissues
Units: mg/Kg tissue wet weight

Batch:
Date:

Acenaphthene
Acenaphthylene
Anthracene

Benzo(a) -
anthracene

Benzo(a)-
fluoranthene

Benzo(a)-
pyrene

Benzo(ghi) -
perylene

Benzo (k) -
fluoranthene

Chrysene

Dibenzo(a,h) -
anthracene

Fluoranthene
Fluorene

Indeno(1,2,3-
c,d)pyrene

Naphthalene
Phenanthrene

Pyrene

[10]
10/90

<0.5
<1.o

<0.05

<0.05

<O'1

<0.05

<0.1

<0.05

<0.05

<0.1
<0.1

<0.1

<0.05
<0.5
<0.05

<0.05

[10]
DUP

<0.5
<1l.0

<0.05

<0.05

<O.1

<0.05

<0.1

<0.05

<0.05

<0.1

<0.1

' <0.1

<0.05

<0.5

<0.05

<0.05

[12]
10/90

<0.5
<1l.0

<0.05

<0.05

<0.1

<0.05

<O.1

<0.05

<0.05

<0u1
<0.1

<0.1

<0.05
<O‘5
<0.05

<0.05

[13)
10/90

<0.5
<1l.0

<0.05

<0.05

<0.1

<0.05

<0.1

<0.05

<0.05

<o.1
<0.1

<0.1

<0.05
<0.5
<0.05

<0.05

Spike1
67%
61%

72%
91%
78%
85%
83%

84%

85%

80%
75%

66%

85%
32%
74%

111%

1 - Spike recovery (%) for a batch [10] sample.
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APPENDIX E Polynuclear Aromatic Hydrocarbons (PAH)
Table E2. Polynuclear Aromatic Hydrocarbons (continues)
Pago Pago Harbor fish muscle tissues
Units: mg/Kg tissue wet weight

Batch: [14)] [14] [15] [16]
Date: 1/91 DUP 1/91 1/91 spikel
Acenaphthene <1l.0 <1l.0 <1.0 <1.0 41%
Acenaphthylene <1.0 <1.0 <1.0 <1.0 40%
Anthracene <1.0 <1.0 <1.0 <1.0 -
Benzo(a) -

anthracene <1.0 <1.0 <1.0 <1.0 47%
Benzo(a) -

fluoranthene <1l.0 <1.0 <1.0 <1.0 47%
Benzo(a) -

pyrene <1.0 <1.0 <1l.0 <1.0 47%
Benzo(ghi) -

perylene <2.0 <2.0 <2.0 <2.0 52%
Benzo (k) -

fluoranthene <1l.0 <1l.0 <1.0 <1.0 50%
Chrysene <1l.0 <1.0 <1.0 <1.0 53%
Dibenzo(a,h)~

anthracene <2.0 <2.0 <2.0 <2.0 53%
Fluoranthene <1l.0 <1.0 <1.0 <1.0 50%
Fluorene <1.0 <1.0 <1.0 <1.0 39%
Indeno(1,2,3~

c,d)pyrene <1.0 <1.0 <1.0 <1.0 54%
Naphthalene <1l.0 <1.0 <1.0 <1.0 39%
Phenanthrene <1.0 <1.0 <1.0 <1.0 41%
Pyrene <1.0 <1.0 <1l.0 <1.0 54%

e

1 - Spike recovery (%) for a batch [14] sample.
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APPENDIX E Polynuclear Aromatic Hydrocarbons (PAH)

Table E3. Polynuclear Aromatic Hydrocarbons (PAH)
Pago Pago Harbor fish liver tissues
Units: mg/Kg tissue wet weight

Batch: [5] [6] (7] [(7) [8) (9]
Date: 5/90 5/90 5/90 DUP 5/90 5/90

Acenaphthene <16.0 <20.0 <18.0 <18.0 <20.0 <15.0

Acenaphthylene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Anthracene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Benzo(a) -

anthracene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Benzo(a)-

fluoranthene<16.0 <20.0 <18.0 <18.0 <20.0 <15.0
Benzo(a)-

pyrene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Benzo(ghi) -

perylene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Benzo (k) -

fluoranthene<16.0 <20.0 <18.0 <18.0 <20.0 <15.0
Chrysene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Dibenzo(a,h)~

anthracene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Fluoranthene '<8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Fluorene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Indeno(1,2,3-

c,d)pyrene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5
Naphthalene <8.0 <14.0 <9.0 <9.0 <10.0 <7.5

Phenanthrene <16.0 <20.0 <18.0 <18.0 <20.0 <15.0

Pyrene <1l6.0 <20.0 <18.0 <18.0 <20.0 <15.0
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Table E3. Polynuclear'Aromatic Hydrocarbons (continues)
Pago Pago Harbor fish liver tissues
Units: mg/Kg tissue wet weight

Batch:
Date:

Acenaphthene
Acenaphthylene
Anthracene

Benzo (a) -
anthracene

Benzo(a) -
fluoranthene

Benzo(a)-
pyrene

Benzo(ghi) -
perylene

Benzo (k) -
fluoranthene

Chrysene

Dibenzo(a,h) -
anthracene

Fluoranthene
Fluorene

Indeno(1,2,3-
c,d)pyrene

Naphthalene
Phenanthrene

Pyrene

[14]
1/91

<1.0

<1.0

<1.0

<1.0

<1.o

<1.0

<2.0

<1l.0

<1.o

<2.0

<1l.0

<1.0

<1.0

<1.0

<1.0

<1.0

[14

DUP

<l1l.0

<1.0

<1.0

<1.0

<1.0

<1l.0

<2.0

<1.0

<1l.0

<2.0

<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

]

[{15]
1/91

<1l.0

<1.0

<1.0

<l.0

<1.0

<1.0

<2.0

<1.0

<1.0

<2.0

<1.0

<1.0

<1.o

<1l.0

<1.0

<1.0

[16]
1/91

<1.0
<1.0

<l1.0

<1.0

<1.0

<1l.0

<2.o

<1.0

<1.0

<2.0
<1l.0

<1l.0

<1l.0
<1.o
<1l.0

<1.0

Spike1
35%

43%

42%
52%
58%
54%

72%

52%

57%
43%

44%

57%
29%
45%

82%

1 - Spike recovery (%) for a batch [14] sample.
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Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Acetone

Carbon Disulfide
1l1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene, total
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
Trichloroethene

Benzene
Dibromochloromethane
1,1,2-Trichloroethane
trans-1,3-Dichloropropene
Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene

Chlorobenzene
Ethylbenzene

Styrene

Xylenes (total)

BDL: Below Detection Limit

PAGO PAGO HARBOR

SEAWATER
VOLATILE ORGANICS
(ug/L)

Site 1 Site 4
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL.
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL BDL

DL:

Detection
Limit
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1,1-Dichloroethene
Trichloroethene
Benzene

Toluene

Chlorobenzene

PAGO PAGO HARBOR

SEAWATER
VOLATILE ORGANICS

(ug/L)

SPIKE %

CONCENTRATION Recovery

50 78
50 118
50 114
50 119
50 126

Acceptance
Window
61-145%
71-120%
76-127%
76-125%

75-130%



ASG PAGO PAGO HARBOR

SEAWATER
VOLATILE ORGANICS
(ug/L)
Surrogates - Site 1 % Acceptance
Recovery Window
1,2-Dichloroethane-d4 91% 76-114%
Toluene-ds8 95% 88-110%
4-Bromofluorobenzene 95% 86-115%
Surrogates - Site 1 % Acceptance
dup. Recovery Window
1,2-Dichloroethane-d4 88% 76-114%
Toluene-ds8 94% 88-110%
4-Bromofluorobenzene 95% ' 86-115%
Surrogates - Site 2 % Acceptance
Recovery Window
1,2-Dichloroethane-d4 94% 76-114%
Toluene-ds8 94% 88-110%
4-Bromofluorobenzene 97% 86-115%




PAGO PAGO HARBOR

SEAWATER

VOLATILE ORGANICS

(ug/L)
Site 1 Site 1 Site 2 Detection
dup. Limit
Chloromethane BDL BDL BDL 10
Bromomethane BDL BDL BDL 10
Vinyl Chloride BDL BDL BDL 10
Chloroethane ! BDL BDL BDL 10
Methylene Chloride BDL BDL BDL 10
Acetone BDL BDL BDL 20
Carbon Disulfide BDL BDL BDL 5
1,1-Dichloroethene BDL BDL~ BDL 5
1,1-Dichloroethane BDL BDL BDL 5
1,2-Dichloroethene, total BDL BDL BDL 5
Chloroform BDL BDL BDL 5
1,2-Dichloroethane BDL BDL BDL 5
2-Butanone BDL BDL BDL 20
1,1,1-Trichloroethane BDL BDL BDL 5
Carbon Tetrachloride BDL BDL BDL 5
Vinyl Acetate BDL BDL BDL 10
Bromodichloromethane BDL BDL BDL 5
1,2-Dichloropropane BDL BDL BDL 5
cis-1,3~-Dichloropropene BDL BDL BDL 5
Trichloroethene BDL BDL BDL 5
Benzene BDL BDL BDL 5
Dibromochloromethane BDL BDL BDL 5
1,1,2-Trichloroethane BDL BDL BDL 5
trans-1,3-Dichloropropene BDL BDL BDL 5
Bromoform BDL BDL BDL 5
4-Methyl-2-pentanone BDL BDL BDL 10
2-Hexanone BDL BDL BDL 10
Tetrachloroethene BDL BDL BDL 5
1,1,2,2-Tetrachloroethane BDL BDL BDL 5
Toluene . BDL BDL BDL 5
Chlorobenzene BDL BDL BDL 5
Ethylbenzene BDL BDL BDL 5
Styrene BDL BDL BDL 5
Xylenes (total) BDL BDL BDL 5

BDL: Below Detection Limit DL: Detection Limit
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'PAGO PAGO HARBOR

VOLATILE ORGANICS

SEDIMENT

(ug/L)

Detectio
Limit

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Acetone

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene, total
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,2-Dichloropropane
cis-1,3-Dichloropropene
Trichloroethene
Benzene
Dibromochloromethane
1,1,2-Trichloroethane
trans-1,3-Dichloropropene
Bromoform
4-Methyl-2-pentanone
2-Hexanone
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene

Chlorobenzene
Ethylbenzene

Styrene

Xylenes (total)

4 4d
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL
BDL BDL BDL

- — . ————— U - — G Y T W — —— . . — W ——— - — ——-—

BDL: Below Detection Limit

DL:

Detection Limit



.- PAGO PAGO HARBOR

~ SEDIMENT
VOLATILE ORGANICS
(ug/L)
Detection
SITE : 5 6 Limit
Chloromethane BDL BDL 50
Bromomethane BDL BDL . 50
Vinyl Chloride BDL BDL 50
Chloroethane BDL BDL 50
Methylene Chloride BDL BDL 50
Acetone BDL BDL 100
Carbon Disulfide BDL BDL 25
1,1-Dichloroethene BDL BDL 25
1,1-Dichloroethane BDL BDL 25
1,2-Dichloroethene, total BDL BDL 25
Chloroform . . BDL BDL 25
1,2-Dichloroethane BDL BDL 25
2-Butanone BDL - BDL 100
1,1,1-Trichloroethane BDL BDL 25
Carbon Tetrachloride BDL BDL 25
Vinyl Acetate BDL BDL 50
Bromodichloromethane BDL BDL 25
1,2-Dichloropropane BDL BDL 25
cis-1,3-Dichloropropene BDL BDL 25
Trichloroethene BDL BDL 25
Benzene BDL BDL 25
Dibromochloromethane BDL BDL 25
1,1,2-Trichloroethane BDL BDL 25
trans-1,3-Dichloropropene BDL BDL 25
Bromoform ' BDL BDL 25
4-Methyl-2-pentanone BDL BDL 50
2-Hexanone BDL BDL 50
Tetrachloroethene - ’ BDL BDL 25
1,1,2,2-Tetrachloroethane BDL BDL 25
Toluene : : BDL BDL 25
Chlorobenzene BDL BDL 25
Ethylbenzene BDL BDL 25
Styrene BDL BDL 25

BDL: Below Detection Limit DL: Detection Limit
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PAGO PAGO HARBOR
SEDIMENT

GRAIN SIZE

(% in size fraction)

(mm) >2.0 2.0~ l.0- 0.5~ 0.25- 0.125- <0.063
1.0 0.5 0.25 0.125 0.063

Site 1 - 8.1 17.0 1.4 27.2 22.8 23.5
Site 2 - 11.2 9.2 0.5 34.6 28.1 l6.4
Site 3 2.1 5.1 8.1 2.4 49.4 26.3 6.6
Site 3D 0.1 0.6 1.9 11.4 18.8 13.4 53.8
Site 4 0.3 0.5 3.2 10.0 16.8 13.8 55.4
Site 5 0.5 10.9 29.5 12.8 35.3 15.9 5.0
Site 6 11.0 3.5 5.9 7.9 3.4 38.9 29.4
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PAGO PAGO HARBOR
SEDIMENT
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PAGO PAGO HARBOR

SEDIMENT
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PAGO PAGO HARBOR

SEDIMENT

SITE 3

Cumulative % In size fraction

summation percent
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PAGO PAGO HARBOR
SEDIMENT

SITE 4

Cumulative % in size fraction
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PAGO PAGO HARBOR

SEDIMENT

SITE 5

Cumulative &% in size fraction
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PAGO PAGO HARBOR -
SEDIMENT

= SITE 6

Cumulative % in size fracticn
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